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I, Elizabeth M. Jaffee, M.D., hereby declare as follows: 

1 . I am a named invtmtor in the subject patent application and am familiar with its 
contents. 

2. I am currently Co-Director of the Cancer Immunology Program and the 
Immunology and Hematopoiesis Division at Johns Hopkins Medicine and a Professor of 
Oncology, Immunology, and Pathology at The Johns Hopkins University School of 
Medicine. I have worked, as a physician and researcher in the field of oncology for 1 8 
years and, more specifically, have been involved in the field of cancer immunology for 
17 years. I have authored numerous peer-reviewed articles in these fields and have made 
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a number of technical presentations at technical meetings in these fields. A copy of my 
curriculum vitae, including a list of my publications, is attached as Exhibit 1. 

3. I am also a member of the Immunotherapy Scientific Advisory Board of Cerus 
Corporation, a licensee of the above-identified patent application. 

Human studies with mesothelin-encoding tumor vaccine compositions: 

4. I have been involved with or overseen a completed Phase I clinical trial (some of 
the results of which are nsported in Examples 1-3 and Figures 1-6 in the subject patent 
application), two completed Phase II clinical trials, and an ongoing Phase II clinical trial 
for a vaccine composition comprising whole tumor cells that overexpress mesothelin in 
patients with surgically resected adenocarcinoma of the pancreas. The data from these 
clinical trials strongly support the efficacy of targeting mesothelin for pancreatic 
carcinoma in humans. 

5. The vaccine composition used in the clinical trials was an allogeneic granulocyte- 
macrophage colony (GM-CSF>secreting tumor cell vaccine composition. The tumor cell 
vaccine composition was produced by the stable transfection of two pancreatic 
adenocarcinoma cell lines derived from primary pancreatic tumor specimens (Jaffee et ah, 
Cancer J. Set Am. 4:194-203 (1998)). Mesothelin is consistently and highly 
overexpressed in virtually all pancreatic adenocarcinomas at the mRNA and protein 
levels (Argani et al. f Clinical Cancer Research, 7; 3862-3868 (2001)). Mesothelin is 
likewise encoded by and overexpressed in the GM-CSF-secreting tumor cell vaccine 
composition used in the Phase I and Phase II trials (Thomas et al., Journal of 
Experimental Medicine, 200: 297-306 (2004)). 

6. Phase I trial: The data from the Phase I trial demonstrated that there is a direct 
correlation between observed post-vaccination induction of mesothelin-specific T cells, 
long term disease-free survival, and post-vaccination in vivo delayed-type 
hypersensitivity (DTH) responses to autologous tumor cells. These data are presented in 
Examples 1-3 and Figures 1-6 of the above-identified application and in Thomas et al., 
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Journal of Experimental Medicine, 200: 297-306 (2004), a copy of which is attached as 
Exhibit 2. In addition, the mesothelin-specific T-cells that were induced were shown to 
lyse patient tumors in vitro (Thomas et at (2004)). 

7. In the Phase I clinical trial, the mesothelin-encoding tumor vaccine composition 
was administered to a tot? J of 14 patients who had undergone surgically resection of 
adenocarcinoma of the pancreas and had minimal residual disease. Increased DTH 
responses to autologous tumor cells were induced in three of the 14 patients following 
vaccination with the tumor cell vaccine, and the responses were found to correlate with 
an increased disease-free survival time for these three patients. (Jaffee et al., Journal of 
Clinical Oncology, 19: 145-1 56 (2001)). To date, the three DTH responders have now 
lived over eight years from the time of diagnosis with a disease for which the median 
survival time for patients (with operable cancer) is only approximately 17 to 22 months. 
The early data from the Phase I trial indicated that the tumor cell vaccine induced a dose- 
dependent systemic anti-tumor immunity in the three long-term survivors (Jaffee et al, 
Journal of Clinical Onco fogy, 19: 145-156(2001). 

8. We found that the post-vaccination induction of mesothelin-specific T-cells 
correlated with long term survival in the DTH responders, These results are reported in 
Examples 1-3 and Figures 1-6 of the subject patent application and in Thomas et al. 
(2004). We discovered that vaccination with the tumor vaccine had resulted in the 
consistent induction of CD8 + T cell responses to multiple HLA-A2, A3, and/or A24- 
restricted mesothelin epitopes (SEQ ID NOS: 1-6 in the above-identified patent 
application) in the three patients in the Phase I study with vaccine-induced DTH 
responses. By contrast, only one of eleven DTH non-responders had an increased post- 
vaccination mesothelin-specific T cell response and, even then, only to a single peptide. 
The CD8* T cell responses was determined by screening antigen-pulsed, TAP transporter 
deficient, T2 cells with CD8 + T cell enriched peripheral blood lymphocytes (PBLs) 
obtained pre- and post-vaccination from the patients in a quantitative ELISPOT assay. 
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10. The mesothelin-specific T cells from one of the DTH responders were also shown 
to be capable of lysing mesotbelin-expressing cell lines. As reported in Thomas et al. 
(2004), we analyzed the reacti vity of a patient-derived T-cell line to a panel of 
mesotbelin-expressing tumor cell lines in a 4-h chromium release assay. After in vitro 
stimulation of the patient-derived T cells, the T-cells were shown to be capable of lysing 
mesothelin-expressing cells, including a mesotheljn-expressing pancreatic tumor cell line. 
These data confirm that the mesothelin-encoding tumor cell vaccine composition can 
induce mesothelin-specific T-cells that can be cytolytic. 

1 1 . The results of the quanti tati ve ELISPOT assays indicate that mesothelin epitopes 
provided by the mesothelin encoded by the administered vaccine composition bound to 
MHC class I molecules and were successfully processed and presented by professional 
antigen presenting cells (i\PCs) in each of the DTH responders. The CD8* T cell 
activation in the DTH responders must have occurred by transfer of the MHC class I 
antigens from the tumor cell vaccine to professional antigen presenting cells, where they 
must have been properly processed and presented on MHC class I molecules via cross- 
priming. This is evidenced by the fact that while the cells lines used to produce the 
whole tumor cell vaccine overexpressed mesothelin, neither tumor cell line expressed 
HLA-A2, A3, or A24 and. thus the vaccine cells were mismatched at the HLA-A locus 
with all three DTH responders (Thomas et al. (2004)). 

12. Phase II trials: A Phase II study in metastatic cancer patients was subsequently 
performed and confirmed the results of the Phase I trial Patients received either the 
tumor cell vaccine composition alone (30 patients) or the tumor cell vaccine composition 
plus immune-modulating doses of cyclophosphamide (20 patients) to remove inhibitory 
regulatory T cells prior to vaccination. Mesothelin-specific T cells were induced in 
about a third of the patien ts treated in this trial. Those patients who demonstrated 
mesothelin responses also demonstrated prolonged, progression-free survival. The 
patient with the most durable response went on to disease-free survival for greater than 2 
years. 
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13. In addition, the interim results of a 60-patieat Phase n trial further confirm those 
of the Phase I trial which indicated that mesothelin is effective as an immune target for 
pancreatic carcinoma. The treatment phase for the Phase II 60-patient study with the 
mesothelin-encoding tumor cell vaccine composition for patients who were surgical 
candidates has just been completed. We reported the early analysis at the AACR-NCI- 
EORTC International Conference on Molecular Targets and Cancer Therapeutics, held 
November 14 -18, 2005, in Philadelphia, Pennsylvania, and the American Society of 
Clinical Oncology (ASCO) 2007 Gastrointestinal Cancers Symposium, held January 19- 
21, 2007, in Orlando, Florida. Copies of abstracts for these presentations are attached as 
Exhibit 3. Our one and two year survival data are 88% and 76% respectively, which is 
considered better than what has previously bp en reported for other adjuvant therapies. 

14. So far, 16 of the 60 patients in the most recent Phase II trial have been analyzed 
for the induction of mesoihelin responses. All 16 have demonstrated some level of 
mesothelin response over the course of multiple treatments with the vaccine. These 
responses were correlated, with changes in CA19.9 levels, which are a measure of cancer 
burden (see Exhibit 4). Twelve of the 16 patients demonstrated a direct correlation 
strongly suggesting that mesothelin-specific T cell responses increase and remain 
elevated when CA19.9 is low and decrease when CA19.9 increases (tumor recurrence). 

In vivo mouse model studies with mesoth el in-encoding DNA vaccine compositions: 

15. In addition to the human studies described above, I am familiar with in vivo 
mouse model studies that shows the efficacy of mesothelin-encoding DNA vaccine 
compositions. The results of these studies are described in Examples 5-12 and Figures 7- 
12. These studies further validate the efficacy of mesothelin as an immune target in 
mammals for the treatment of tumors, such as pancreatic tumors, that overexpress 
mesothelin, 

16. The in vivo studies described in Examples 5-12 of the subject application utilize 
an ascitogenic WF-3 tumor cell line. Examples 5-10 support the suitability of the WF-3 
tumor cell line as an in vivo model for the testing of immunotherapeutics against 
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mesothelin-expressing tumors such as ovarian cancer and pancreatic cancer. Examples 5- 
10 of the application describe the construction and characteri zation of theWF-3 tumor 
cell line and its use in an in vivo mouse model. The WF-3 tumor cell line was shown to 
be positive for MHC class I expression (Example 7 and Figure 8). Mesothelin was 
shown to be highly expressed in the WF-3 cells (Examples 9 and 10). 

17. The WF-3 tumor cell model is a particularly suitable model for assessing the 
effects of candidate cancer vaccines targeting tumors which overexpress mesothelin, 
including both ovarian cancer and pancreatic cancer, because WF-3 cells endogenously 
express mesothelin. Many models use tumors that are genetically modified to express an 
exogenous tumor antigen.. In tumors that are genetically modified to express an 
exogenous antigen, the antigen maybe presented in abundance and maybe easier to 
recognize by T-cells due to the large number of antigen/major histocompatibility 
complex molecules available. In addition, a genetically modified tumor antigen likely 
cannot be down-regulated by natural mechanisms in the tumor micro-environment due to 
immune suppression. In contrast, the WF-3 model is more similar to native tumors 
because it presents mesothelin at natural levels and is subject to natural tolerance 
mechanisms. In addition., the WF-3 cells grow in immunocompetent mice, which permits 
the investigation of immune mechanism s not permitted in nude or SCID 
immunocompromised mice. Moreover, the WF-3 cells form ascites in the peritoneum; 
one of the primary sites for pancreatic cancer metastases is the peritoneum. 

1 8. Example 1 1 of the subject application reports the generation of a DNA vaccine 
( <4 pcDNA3-mesothelin") that encodes murine full-length mesothelin protein and 
administration of the vaccine to a mouse. The DNA vaccine was constructed from a 
mammalian cell expression vector. A gene gun was used to deliver gold particles coated 
with the mesothelin-encoding DNA to C57BL/6 mice and to administer a booster to the 
mice a week later. A week later, the mice were challenged with a lethal dose of WF-3 
tumor cells. 
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19. In the in vivo mouse model experiments described m Example 1 1 , the mesothelin- 
encoding DNA vaccine composition was shown to provide a high degree of protection 
(60%) against lethality caused by the WF-3 tumor cell challenge compared to the "vector 
only*' and "no vaccination" controls (Example 1 1 and Figure 1 1). In addition, the DNA 
vaccine was shown to be capable of inducing mesothelin-specific T cell-mediated 
specific lysis of WF-3 cells (Example 12 and Figure 12). The data in. Examples 1 1 and 
12 and Figures 1 1 and 12 indicate that a mesothelin-encoding DNA vaccine composition 
can generate mesothelin-specific, antitumor T-cell immune responses in a mammal and 
can. be used in the treatment or control of cancers in which mesothelin is highly expressed. 

In vivo nuynse model studies with mesothelin-encoding Listeria*based vaccine 
compositions: 

20. In addition to the above-referenced whole tumor cell vaccine trials in humans and 
DNA vaccine studies in the WF-3 mouse model, I am also aware of and familiar with in 
vivo mouse model studies involving mesothelin-encoding, Listena-based vaccine 
compositions that express polypeptides comprising mesothelin epitopes. These studies 
provide further support for the efficacy of mesothelin-encoding vaccine compositions, the 
ability of mesothelin-encoding vaccine compositions to induce anti-tumor T-cell 
responses, and the efficacy of mesothelin as an immunotherapeutic target in cancers such 
as pancreatic cancer in wliich mesothelin is highly expressed. 

21 . U.S. Patent Publication No. 2005/0249748: U .S. Patent Publication No. 
2005/0249748 reports several studies demonstrating the effects of vaccination of mice 
with Listeria that express fusion proteins comprising either human mesothelin or human 
mesothelin- deleted of its signal sequence and GPI anchor operably linked to a 
heterologous signal sequence (Exhibit 5). 

22. Example 3 IB of U.S. Patent Publication No. 2005/0249748 (paragraphs [0603] - 
[0606] and: Figure 61) reports that CT26 murine colon carcinoma tumor cells transduced 
to express human mesothelin were injected intravenously into BALB/c mice to form 
tumors. Attenuated Listeria monocytogenes that had been genetically modified to 
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express and secrete human, mesothelin deleted of its signal sequence and GPI anchor was 
administered as a vaccine to the tumor-bearing BALB/c mice. (The mesothelin sequence 
deleted of its signal sequence and GPI anchor comprises epitopes of SEQ ID NOS: 2-5 
listed in the subject application.) As shown in Figure 61, a single immunization with 
Listeria-ba&ed vaccine composition encoding a mesothelin sequence ( l< BaPA-huMeso 
Agpi Ass") prolonged survival of the mice containing the mesothelin-expressing tumors 
relative to the negative controls comprising no mesothelin coding sequences ("HBSS" 
and "actAinlB") ("SF-AH1A5" represents a positive but unrelated anti-tumor control) 

23 . Example 3 1 C of U.S. Patent Publication No. 2005/0249748 (paragraphs [0608] - 
[061 1] and Figure 62) indicates that the level of lung tumor nodules in vivo is reduced by 
vaccination with either of two different mesothelin-encoding Listeria-bmed vaccine 
compositions. Attenuated Listeria comprising a sequence integrated in its chromosomal 
DNA that encodes a polypeptide comprising human mesothelin deleted of its signal 
sequence and GPI anchor ("BaPA-HuMeso AgpiAss"), attenuated Listeria comprising 
plasmid DNA encoding a polypeptide comprising human mesothelin ( 4 *pAM-LLO- 
HuMeso'O, or controls were administered to BALB/c mice after the mesothelin- 
expressing CT26 murine colon carcinoma tumor cells were injected intravenously into 
the mice. The mice were eventually sacrificed and the lung tumor nodules counted. The 
results shown in Figure 62 indicate that the number of lung tumor nodules was reduced 
significantly when either of the two Xiyte/ro-based vaccine compositi ons encoding 
mesothelin sequences were administered, relative to the negative control (i.e., Listeria 
which does not encode mesothelin). Furthermore, the anti-tumor efficacy of vaccination 
with the Listeria vaccine encoding mesothelin was shown to be mesothelin-specific 
(paragraphs [0610]-[06H] and Figure 63). 

24. Example 3 ID of U.S. Patent Publication No. 2005/0249748 (paragraphs [0612] - 
[0618] and Figure 64) demonstrates that vaccination with a mesothelin-encoding Listeria- 
based vaccine reduces tumor volume in an in vivo model. BALB/c mice were implanted 
subcutaneously with the CT26 tumor cells and later vaccinated with one of three different 
mesothelin-encoding Listeria-bzsed vaccine compositions or a positive or negative 
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control. The mesolhelin-eacodingiwfena-based vaccine compositions comprised either 
a plasmid encoding a fusion protein comprising human mesothelin ("pAM opt.LLO- 
opt.huMeso" or "pAM nOT>opt.BaPA^opt.huMe$o") or a cbromosom ally-integrated 
sequence encoding a fusion protein comprising human mesothelin deleted of its signal 
sequence and GPI anchor ("Non-opt.BaPA-opthuMeso delgpi-ss"). The results shown 
in Figure 64 indicate that jidministration of any one of the three vaccine compositions 
encoding mesothelin sequences resulted in a decreased tumor volume relative to the 
negative control (ie., "HESS"), 

25, SPORE 2006 poster: I am also aware of additional experiments involving 
Listeria-bascd vaccine compositions that were the subject of a poster by Brockstedt et al., 
entitled "CRS-207: Live-Attenuated Listeria monocytogenes Encoding Mesothelin for 
Immunotherapy of patients with Pancreatic and Ovarian Cancers " and presented at the 
14 th Annual SPORE Investigators' Workshop, July 16-19, 2006, in Baltimore, Maryland. 
A copy of the poster presentation is attached as Exhibit 6. I am named as a co-author on 
the poster. 

26. The 2006 SPORE poster reports studies which demonstrate that the level of lung 
tumor nodules in vivo is reduced by vaccination with a mesothelin-encoding Listeria- 
based vaccine composition (Figure 5). Recombinant, attenuated Listeria monocytogenes 
comprising a sequence integrated into its chromosomal DNA encoding a polypeptide 
comprising human mesothelin deleted of its signal sequence ("CRS-207") or negative or 
positive controls were administered to BALB/c mice after mesothelin-cxpressing CT26 
murine colon carcinoma cells were injected intravenously into the mice. (The mesothelin 
sequence deleted of its signal sequence retains the epitopes of SEQ ID NOS: 2-5 listed in 
the above-identified application.) The mice were eventually sacrificed and the lung tumor 
nodules counted. The pictures of the lungs shown in Figure 5 clearly show that 
vaccination with the mesothelin-encoding vaccine composition led to a reduction in 
tumor nodules. 
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27. Also the 2006 SPORE poster reports studies which demonstrate that the anti- 
tumor efficacy of the roesothelin-encoding Iw/eria-based vaccine compositions is due to 
innate and raesothelin-specific cellular immunity (Figure 6). In these experiments, NK 
cells, CD4 + T cells, or CD8 + T cells were depleted by antibodies in some mice prior to 
tumor cell implantation. The mice were then vaccinated with the same mesothelin- 
encoding Ltsteria-based vaccine composition as was used in the experiments shown in 
Figure 5 ("CRS-207"). The survival data are shown in Figure 6 and indicate that 
vaccination with the roesothelin-encoding vaccine composition leads to enhanced 
survival. The data also show that the depletion of CD8 + T cells, CD4* T cells, or NK 
cells impairs the anti-tumor immunity. 

I declare further that all statements made herein of my own knowledge are true and that 
all statements made on iniFormation and belief are believed to be true; and further that 
these statements are made with the knowledge that willful false statements and the like 
are punishable by fine or impri sonment, or both, under Section 100 1 of Title 1 8 of the 
United States Code and that such willful, false statements may jeopardize the validity of 
the above-identified application or any patent issuing thereon. 



Exhibits: 

/. Curriculum Vitae 

2. Thomas et al. Journal of Experimental Medicine, 200: 297-306 (2004) 

3. AACR-NCI-EORTC International Conference on Molecular Targets and Cancer 
Therapeutics, held November 14-18, 2005, in Philadelphia, Pennsylvania, and 
the American Society of Clinical Oncology (ASCO) 2007 Gastrointestinal 
Cancers Symposium 

4. Boeck S, Onkologie 2007 abstract; Locker GY, et al, J. Clin. Oncol 2006 abstract 

5. U.S. Patent Publication No. 2005/0249748 
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6. Brockstedt et at, entitled "CRS-207: Live-Attenuated Listeria monocytogenes 
Encoding Mcsothclin for Immunotherapy of patients with Pancreatic and Ovarian 
Cancers," and presented at the 14 th Annual SPORE Investigators' Workshop, 
July 16-19, 2006 
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EXHIBIT 1 



CURRICULUM VITAE 

Elizabeth M. Jaffee 
December 18, 2006 



DEMOGRAPHIC INFORMATION: 



Current Appointments: 

University: Professor of Oncology 

The Johns Hopkins University School of Medicine 

Professor of Pathology 

The Johns Hopkins University School of Medicine 

Hospital: Active Staff in Oncology 

The Johns Hopkins Hospital 

Personal Data: 
Addresses: 



Office: Department of Oncology 

The Sidney Kimmel Comprehensive Cancer Center 
At Johns Hopkins 
1650 Orleans Street 

Bunting-Blaustein Building Room 4M07 
Baltimore, MD 21231 
Telephone: (410)955-2957 
Fax:(410)614-8216 
e-mail: ejaffee@jhmi.edu 



Educational and Training: 

1977- 1981 



B.A. 1981 Magna cum laude 
Brandeis University 
Waltham, Massachusetts 



1 98 1 - 1 985 M.D., New York Medical College 

Valhalla, New York 

1985 - 1988 Intern and Resident 

Department of Medicine 
University of Pittsburgh 
Presbyterian-University Hospital 
Pittsburgh, Pennsylvania 
Gerald S. Levey, M.D., Chairman 

1988 - 1989 Research Fellow, Physician Investigator 

NIH Research Training Grant #5T32DKO745807 
Department of Medicine 
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The University of Pittsburgh 

Pittsburgh, Pennsylvania 

Fran Finn, Ph.D., Research Director 



1989- 1992 
1989-1992 

Professional Experience: 

1992 - 1997 

1992 -present 
1995-present 

1997-2002 

2002-present 



1999-present 



1999- 2002 

2002-Present 

2000- present 
2004-2006 



Senior Clinical/Research Fellow in Oncology 
The Johns Hopkins University School of Medicine 
Baltimore, Maryland 

Senior Clinical Fellow in Oncology 
The Johns Hopkins Hospital 
Baltimore, Maryland 



Assistant Professor of Oncology 

The Johns Hopkins University School of Medicine 

Baltimore, Maryland 

Medical Director, Johns Hopkins Oncology Center 
Cell Processing and Gene Therapy Facility 

Faculty, Graduate Program in Immunology 

The Johns Hopkins University School of Medicine 

Baltimore, Maryland 

Associate Professor of Oncology 

The Johns Hopkins University School of Medicine 

Baltimore, Maryland 

Professor of Oncology 

The Johns Hopkins University School of Medicine 
Baltimore, Maryland 

Faculty, Graduate Program in Cellular and Molecular 
Medicine 

The Johns Hopkins University School of Medicine 
Baltimore, Maryland 

Associate Professor of Pathology 

The Johns Hopkins University School of Medicine 

Baltimore, Maryland 

Professor of Pathology 

The Johns Hopkins University School of Medicine 
Baltimore, Maryland 

Faculty, Graduate Program in Pharmacology 
The Johns Hopkins University School of Medicine 
Chairperson, clinical Research committee 
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The Sidney Kimmel Comprehensive Cancer Center 

RESEARCH ACTIVITIES 

Peer-Reviewed Publications 

1 . Golumbek PT, Lazenby AJ, Levitsky HI, Jaffee EM, Baker M, Pardoll DM. 
Treatment of established renal cancer by tumor cells engineered to secrete IL-4. 
Science; 251:713-715, 1991. 

2. Ernstoff MS, Jaffee EM. The development and characterization of a natural killer 
cell resistant human renal cell carcinoma cell line. Natural Immunity and Cell 
Growth Regulation; 1 1 : 1 7-25, 1 992. 

3. Golumbek PT, Hamzeh FM, Jaffee EM, Levitsky H, Lietman PS, Pardoll DM. 
Herpes simplex- 1 virus thymidine kinase gene is unable to completely eliminate 
live, nonimmunogenic tumor cell vaccines. J Immunother; 12:224-230,1992. 

4. Pardoll DM, Golumbek PT, Levitsky HI, Jaffee EM. Molecular engineering of the 
antitumor immune response. Bone Marrow Transplant; 4(supp. 1): 182-186, 1992. 

5. Dranoff G, Jaffee EM, Lazenby A, Golumbek P, Levitsky H, Brose K, Jackson V, 
Hamada H, Pardoll DM, Mulligan RC. Vaccination with irradiated tumor cells 
engineered to secrete murine GM-CSF stimulates potent, specific, and long-lasting 
anti-tumor immunity. Proc. Natl. Acad Sci. USA; 90:3539-3543, 1993. 

6. Jaffee EM, Dranoff G, Cohen L, Hauda K, Clift S, Marshall F, Mulligan RC, Pardoll 
DM. High efficiency gene transfer into primary human tumor explants without cell 
selection. Cancer Research; 53:2221-2226, 1993. 

7. Golumbek P, Levitsky H, Jaffee L, Pardoll DM. The antitumor immune response as 
a problem of self-nonself discrimination: implications for immunotherapy. 
Immunologic Research 12(2): 1 83-1 92, 1993. 

8. Golumbek PT, Azhari R, Jaffee EM, Levitsky HI, Lazenby A, Leong K, Pardoll DM. 
Controlled Release, Biodegradable Cytokine Depots: A New Approach in Cancer 
Vaccine Design. Cancer Research, 53:5841-5844, 1993. 

9. Sanda MG, Ayyagari SR, Jaffee EM, Epstein JI, Clift SL, Cohen LK, Dranoff G, 
Pardoll DM, Mulligan RC, and Simons JW. Demonstration of a Rational Strategy for 
Human Prostate Cancer Gene Therapy. J Urol; 1 5 1 :622-628, 1 994. 

10. Huang A, Golumbek P, Ahmadzadeh M, Jaffee EM, Pardoll DM, and Levitsky H. 
The role of bone marrow derived cells in presenting MHC class I-restricted tumor 
antigens. Science; 264:961-965, 1994. 

1 1 . Jaffee EM and Pardoll DM. Gene Therapy: Its Potential Application in the 
Treatment of Renal Cell Carcinoma. Semin. Oncol.; vol 22 (1), 81-91, 1994. 
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12. Berns AJ, Clift S, Cohen LK, Donehower RC, Dranoff G, Hauda KM, Jaffee EM, 
Lazenby AJ, Levitsky HI, Marshall FF, et al. Phase I study of non-replicating 
autolgous tumor cell injections using cells prepared with or without GM-CSF gene 
transduction in patients with metastatic renal cell carcinoma. Human Gene Therapy 
6(3):347-368, 1995. 

13. Woods AS, Huang AYC, Cotter RJ, Pasternack GR, Pardoll DM, Jaffee EM 
Simplified high-sensitivity sequencing of a major histocompatibility complex class-I 
associated immunoreactive peptide using matrix-assisted laser desorption/ ionization 
mass spectrometry., Anal Biochem 226:15-25, 1995. 

14. Griffin CA, Hruban RH, Morsberger LA, Ellingham T, Long PP, Jaffee EM, 
Hauda KM, Bohlander K, Yeo CJ. Consistent chromosome abnormalities in 
adenocarcinoma of the pancreas. Cancer Research 55:2394-2399, 1995. 

15. Jaffee EM, Lazenby A, Meuren J, Hauda KM, Counts C, Clift S, Weber C, 
Hurwitz H, Parry G, Cohen LK, Simons J, Marshall FF, Levitsky H, Mulligan RC, 
Pardoll DM. Use of murine models of cytokine-secretion tumor vaccines to study 
feasibility and toxicity issues critical to designing clinical trials. J immunotherapy, 
18(l):l-9, 1995. 

16. Wu TC, Huang AYC, Jaffee EM, Levitsky HI, Pardoll DM. A Reassessment of The 
Role of B7-1 Expression in Tumor Rejection. J Exp Med 182:1-7, 1995. 

17. Jaffee EM, Thomas M, Huang A, Hauda K, Levitsky HI, Pardoll DM. Enhanced 
Immune Priming with Spatial Distribution of Paracrine Cytokine Vaccines. J 
Immunotherapy, 19(3): 176-1 83 ? 1996. 

18. Thompson RC, Pardoll DM, Jaffee EM, Ewend MG, Thomas M, Tyler B, Brem H. 
Systemic and local paracrine cytokine therapies using transduced tumor cells are 
synergistic in treating intracranial tumors. J Immunotherapy, 19(6):405-413, 1996. 

1 9. Huang AYC, Gulden PH, Woods AS, Thomas MC, Tong CD, Wang W, Engelhard 
VH, Pasternack G, Cotter R, Hunt D, Pardoll DM, Jaffee EM. The 
Immunodominant MHC Class I-Restricted Antigen of a Murine Colon Tumor 
Derives From an Endogenous Retroviral Gene Product PNAS 93:9730-9735, 1996. 

20. Simons JW, Jaffee EM, Weber C, Levitsky HI, Nelson WG, Cohen L, Clift S, Finn 
C, Hauda K, Lazenby A, Pardoll DM, Piantadosi S, Owens AH, Mulligan RC, 
Marshall F. Bioactivity of Human GM-CSF Gene Transduced Autologous Renal 
Vaccines. Cancer Research SI: 1537-1546, 1997. 

21 . Rosenfeld ME, Vickers SM, Raben D, Wang M, Sampson L, Feng M, Jaffee EM, 
Curiel DT. Pancreatic Carcinoma Cell Killing via Adenoviral Mediated Delivery of 
the Herpes Simplex Virus Thymidine Kinase Gene. Ann Surgery, 225(5):609-618, 
1997. 

22. Jaffee EM, Pardoll DM. Considerations for the clinical development of cytokine 
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gene-transduced tumor cell vaccines. Methods 12(2):143-153, 1997. 

23. Thomas MC, Greten T, Jaffee EM. Vaccination with Allogeneic Tumor Cells 
Induces Specific Antitumor Immunity. Human Gene Therapy, 9:835-843, 1998. 

24. Jaffee EM, Schutte M, Gossett J, Morsberger L, Adler AJ, Thomas M, Greten TF, 
Hruban RH, Yeo CJ, Griffin GA. Development and Characterization of a Cytokine 
Secreting Pancreatic Adenocarcinoma Vaccine from Primary Tumors for Use in 
Clinical Trials. The Cancer Journal of Scientific American, 4(3): 194-203, 1998. 

25. Greten TF, Slansky JE, Kubota R, Soldan SS, Jaffee EM, Leist T, Jacobson S, 
Pardoll DM, Schneck JP. Direct visualization of antigen-specific T lymphocytes 
from patients with HTLV-1 associated neurological disease using divalent HLA- 
A2/Ig complexes. PNAS, 95: 1-6, 1998. 

26. Yeo C, Hruban R, Conlin K, Sarr M, Lillemo K, Evans D, Jaffee E. Pancreatic 
Cancer: 1998 Update. Journal of the American College of Surgeons, 187(4): 429- 
442, 1998. 

27. Goggins M, Lietman A, Miller RE, Yeo CJ, Jaffee E, Coleman J, O'Reilly SO, 
Cullen B, Cameron J, Kern SE, Hruban RH. The Johns Hopkins Pancreatic Cancer 
Web Page: Patterns of use and benefits of an institutional disease-based Web site. 
JAMA, 280(15):1309-1310, 1998. 

28. Jaffee EM, Abrams R, Cameron J, Donehower R, Duerr M, Gossett J, Greten TF, 
Grochow L, Hruban R, Kern S, Lillemoe KD, O'Reilly S, Pardoll D, Pitt HA, Sauter 
P, Weber C, Yeo C. A Phase I clinical trial of lethally irradiated allogeneic pancreatic 
tumor cells transfected with the GM-CSF gene for the treatment of pancreatic 
adenocarcinoma. Hum Gene Ther. 9(13): 1951-71, 1998. 

29. Greten TF, Jaffee EM. Cancer Vaccines. Journal of Clinical Oncology, Biology of 
Neoplasia, 17(3): 1047-1 060, 1999. 

30. Ewend MG, Thompson RC, Jaffee EM, Anderson R, Stavely-O' Carroll K, Tyler 
BM, Babel K, Sills AK, Thomas M, Levitsky H, Pardoll D, Brem H. Intracranial 
paracrine interleukin-2 therapy stimulates prolonged antitumor immunity which 
extends outside the central nervous system. J of Immunotherapy , 23(4):438-448, 
2000. 

3 1 . Raman V, Martensen S A, Henderson GS, Reisman D, Evron E, Oldenwald WF, 
Jaffee E, Mark J, Sukumar S. Compromised HOXA5 function can limit p53 
expression in human breast tumors. Nature 405:974-978, June 22, 2000. 

32. Reilly RT, Gottlieb, MBC, Ercolini AM, Machiels J-P, Kane CE, Okoye FI, 
Muller WJ, Dixon KH, Jaffee, EM. HER-2/neu is a tumor rejection target in the 
HER-2/neu transgenic mouse model of breast cancer. Cancer Research 60:3569- 
3576, 2000. 
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33. Laheru DA, Jaffee EM. Potential role of tumor vaccines in the management of 
gastrointestinal malignancies. Oncology, 14(2):245-256, 2000. 

34. Ferrone S, Finerty JF, Jaffee EM, Nabel GJ. How much longer will tumour cells 
fool the immune system. Immunology Today 21(2):70-72, 2000. 

35. Slansky JE, Rattis FM, Boyd LF, Fahmy T, Jaffee EM, Schneck JP, Margulies DH, 
Pardoll DM. Enhanced antigen-specific antitumor immunity with altered peptide 
ligands that stabilize the MHC-peptide-TCR complex. Immunity, 13:529-538, 2000. 

36. Chakravarthy A, Abrams RA, Yeo CJ, Korman LT, Donehower RC, Hruban RH, 
Zahurek ML, Grochow LB, O'Reilly S, Hurwitz H, Jaffee EM, Lillemoe KD, 
Cameron JL. Intensified adjuvant combined modality therapy for resected 
periampullary adenocarcinoma: acceptable toxicity and suggestion of improved 1- 
year disease-free survival. Int J Radiat Oncol Biol Phys. 48(4): 1089-96, 2000. 

37. Machiels JP, Reilly RT, Emens L, Ercolini A, Okoye F, Jaffee EM. Cyclophos- 
phamide, Doxorubicin, and Paclitaxel enhance the antigen-specific antitumor immune 
response of GM-CSF secreting whole cell vaccines in tolerized mice. Cancer 
Research,6\(9):36S9-3697, 2001. 

38. Jaffee EM, Hruban RH, Biedrzycki B, Laheru D, Schepers K, Sauter PR, Goemann 
M, Coleman J, Grochow L, Donehower RC, Lillemoe KD, O'Reilly S, Abrams RA, 
Pardoll DM, Cameron JL, Yeo CJ. A novel allogeneic GM-CSF-secreting tumor 
vaccine for pancreatic cancer: A phase I trial of safety and immune activation. 
Journal of Clinical Omro/ogy,19(l):145-156 2001 . 

39. Golgher D, Korangy F, Gao B, Gorski K, Jaffee E, Edidin M, Pardoll DM, Elliott T. 
A CD4+ tumor specific antigen is conformation-dependent and binds to the ER 
chaperone calreticulin. J immunology, 167:147-155, 2001. 

40. Reilly RT, Emens LA, Jaffee EM. Humoral and cellular immune responses: 
independent forces or collaborators in the fight against cancer? Current Opinion in 
Investigational Drugs 2(1): 133-135, 2001. 

41 . Argani P, Rosty C, Reiter R, Wilentz RE, Murugesan SR, Leach SD, Byu B, 
Skinner HG, Goggins M, Jaffee EM, Yeo CJ, Cameron JL, Kern SE, Hruban 
RH.Discovery of new markers of cancer through serial analysis of gene expression 
(SAGE): Prostate stem cell antigen (PSCA) is overexpressed in pancreatic 
adenocarcinoma. Cancer Researches 1(1 1):4320-4324, 2001. 

42. Reilly RT, Machiels JP, Emens LA, Ercolini AM, Okoye FI, Lei RY, Weintraub 
D, Jaffee EM. The collaboration of both humoral and cellular HER-2/neu- 
targeted immune responses is required for the complete eradication of HER-2/neu 
-expressing tumors. Cancer Research 61-880-883, 2001 . 

43. Emens LA, Machiels JP, Reilly RT, Jaffee EM. Chemotherapy: Friend or foe to 
cancer vaccines? Current Opinion in Molecular Therapeutics. 3(1): 77-84, 2001. 
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44. Argani P, Iacobuzio-Donahue C, Ryu B, Rosty C, Goggins M, Wilentz RE, 
Murugesan SR, Leach SD, Jaffee E, Yeo CJ, Cameron JL, Kern SE 5 Hruban RH. 
Mesothelin is Overexpressed in the Vast Majority of Ductal Adenocarcinomas 

of the Pancreas: Identification of a New Pancreatic Cancer Marker by Serial Analysis 
of Gene Expression (SAGE). Clinical Cancer Research 7-3862-3868, 2001. 

45. Wesseling JG, Bosma PJ, Krasnykh V, Kashentseva EA, Blackwell JL, Reynolds PN, 
Li H, Parameshwar M, Vickers SM, Jaffee EM, Huibregtse K, Curiel DT, Dmitriev I. 
Improved gene transfer efficiency to primary and established human pancreatic 
carcinoma target cells via epidermal growth factor receptor and integrin-targeted 
adenoviral vectors. Gene Ther. 8(13):969-76, 2001. 

46. Armstrong TD and Jaffee EM. Cytokine modified tumor vaccines. Surg Oncol Clin 
N Am. ll(3):681-96;2002. 

47. Warren EH, Tykodi SS, Murata M, Sandmaier BM, Storb R, Jaffee E. Childs R, 
Thompson JA, Greenberg PD, Riddell SR. T-cell therapy targeting minor 
histocompatibility Ags for the treatment of leukemia and renal-cell carcinoma. 
Cytotherapy 4(5):441 ; 2002. r 

48. Emens LA, Jaffee EM. To live or not to live: that depends on GAGE? Cancer Biol 
Ther. l(4):388-90;2002. 

49 Yeo TP, Hruban RH, Leach SD, Wilentz RE, Sohn TA, Kern SE, Iacobuzio-Donahue 
CA, Maitra A, Goggins M, Canto MI, Abrams RA, Laheru D, Jaffee EM, Hidalgo 
M, Yeo CJ. Pancreatic cancer. Curr Probl Cancer. 26(4): 176-275; 2002. 

50. Jaffee EM, Hruban RH, Canto MI, Kern SE. Focus on pancreas cancer. Cancer Cell. 
2(l):25-8;2002. 

5 1 . Ueki T, Walter KM, Skinner H, Jaffee E, Hruban RH, Goggins M. Aberrant CpG 
island methylation in cancer cell lines arises in the primary cancers from which they 
were derived. Oncogene. 21(13):21 14-7; 2002. 

52. Ueki T, Walter KM, Skinner H, Jaffee E, Hruban RH, Goggins M. Aberrant CpG 
island methylation in cancer cell lines arises in the primary cancers from which 
they were derived. Oncogene. 21(13):21 14-7; 2002. 

53. Emens LA, Biedrzycki B, Davidson N, Davis-Sproul J, Fetting J, Masayesva S, 
Onners B, Piantadosi S, Reilly RT, Wolff A, and Jaffee EM. A phase I Vaccine 
Safety and Chemotherapy Dose-Finding Trial of an Allogeneic GM-CSF- 
secreting Breast Cancer Vaccine Given in a Specifically Timed Sequence with 
Immunomodulatory Doses of Cyclophosphamide and Doxorubicin. Human Gene 
Therapy, (clinical protocol). Human Gene Therapy, 15:313; 2003. 

54. Zhou X, Cui Y, Huang X, Yu Z, Thomas AM, Ye Z, Pardoll DM, Jaffee EM, Cheng 
L. Lentivirus-Mediated Gene Transfer and Expression in Established Human Tumor 
Antigen-Specific Cytotoxic T Cells and Primary Unstimulated T Cells. Human Gene 
Therapy 14:1089-1 105; 2003. 
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55 . Scheffer SR, Nave H, Korangy F., Schlote K, Pabst R, Jaffee EM, Manns MP, 
Greten TF. Apoptotic, but not necrotic, tumor cell vaccines induced a potent immune 
response in vivo. Int. J. Cancer 103(2):205-21 1; 2003 Jan 10. 

56. Emens LA, Jaffee EM. Toward a breast cancer vaccine: work in progress. Oncology 
(Huntingt). 17(9):1200-11; 2003. 

57. Nimmerjahn F, Milosevic S, Behrends U, Jaffee EM, Pardoll DM, Bornkamm GW, 
Mautner J: Major Histocompatibility Complex Class II-restricted Presentation of A 
Cytosolic Antigen by Autophagy. Eur. J. Immunol. 33:1250-1259; 2003. 

58. Emens LA, Jaffee EM. Cancer vaccines: an old idea comes of age.Cancer Biol Ther. 
2(4 Suppl l):S161-8; 2003. 

59. Couch M, Saunders JK, O'Malley BW Jr, Pardoll D, Jaffee E. Spatial distribution of 
tumor vaccine improves efficacy. Laryngoscope. 1 13(8):1401-5, 2003. 

60. Couch M, Saunders JK, O'Malley BW Jr, Pardoll D, Jaffee E. Genetically 
engineered tumor cell vaccine in a head and neck cancer model. 
Laryngoscope. 1 13(3):552-6, 2003. 

6 1 . Ercolini AM, Machiels J-P, Chen Y-C, Slansky JE, Giedlen M, Reilly RT, Jaffee 
EM: Identification and Characterization of the Immunodominant Rat HER-2/neu 
MHC Class I Epitope Presented by Spontaneous Mammary Tumors from HER-2/neu- 
Transgenic Mice. J. Immunol., 170: 4273-4280; 2003. 

62. Wolpoe ME, Lutz ER, Ercolini AM, Murata S, Ivie SE, Garrett ES, Emens LA, 
Jaffee EM, Reilly RT. HER-2/neu-specific Monoclonal Antibodies Collaborate with 
HER-2/neu-Targeted GM-CSF-secreting Whole-cell Vaccine to Augment CD8+ T 
cell Effector Function and Tumor-free Survival in HER-2/neu Transgenic Mice. J 
Immunol. 171(4):2161-9, 2003. 

63. Iacobuzio-Donahue CA, Maitra A, Olsen M, Van Heek T, Rosty C, Walter K, Sato N, 
Parker A, Ashfaq R, Jaffee E, Ryu B, Jones J, Eshleman JR, Yeo CJ, Cameron JL, 
Kern SE, Hruban RH, Brown PO, Goggins M. Exploration of Global Gene 
Expression Patterns in Pancreatic Adenocarcinoma using cDNA M Croarrays. Am J 
Pathol 162: 1151-1162,2003. 

64. Thomas AM, Santarsiero LM, Lutz ER, Armstrong TD, Chen Y-C, Huang L-Q, 
Laheru DA, Goggins M, Hruban RH, Jaffee EM. Mesothelin Specific CD8+ T Cell 
Responses Provide Human Evidence of In Vivo Cross-Priming by Antigen Presenting 
Cells in Vaccinated Pancreatic Cancer Patients. J Exp Med.; 200(3):297-306, 2004. 

65. Alii PM, Pinn ML, Jaffee EM, McFadden JM, Kuhajda FP. Fatty acid synthase 
inhibitors are chemopreventive for mammary cancer in neu-N transgenic mice. 
Oncogene; 24(1 ):39-46, 2004. 
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66. Gandini S, Lowenfels AB, Jaffee EM, Armstrong TD. Maisonneuve P. Allergies 
and the Risk of Pancreas Cancer: A systematic Review and Meta- Analysis. Submitted 
2004. 

67. Mautner J, Deckhut A, Jaffee EM, Pardoll DM. Tumor-specific CD4+ cells from a 
patient with renal cell carcinoma recognize diverse shared antigens. International 
Journal of Cancer. 2005, Feb 9. 

68. Zhou X, Jun DY, Thomas AM, Huang X, Huang L-Q, Mautner J, Yu Zhiwei, 
Mo W, Robbins PF, Pardoll DM, Jaffee EM. Diverse CD8+ T Cell Responses 
to Renal Cell Carcinoma Antigen in a Patient Treated with an Autologous 
GM-CSF Gene-Transduced Renal Tumor Cell Vaccine. Cancer Research 65(3): 1079- 
88, 2005. 

69. Ercolini AM, Ladle BH, Manning EA, Pfannenstiel LW, Armstrong TD, Machiels J- 
P, Bieler JG, Emens LA, Reilly RT, Jaffee EM. Recruitment of latent pools of high 
avidity CD8+ T cells to the antitumor immune response. Journal of Experimental 
Medicine, 201 (10): 1591-1602, 2005 

70. Davis-Sproul JM, Harris MP, NE Davidson, Kobrin BJ, Jaffee EM, Emens LA. 
Cost-effective manufacture of an allogeneic GM-CSF-secreting breast tumor vaccine 
in an academic cGMP facility. Cytotherapy 7(1): 46-56, 2005. 

71 . Gandini S, Lowenfels A, Jaffee EM, Armstrong T, Maisonneuve P. Allergies and the 
Risk of Pancreatic Cancer: A Meta-analysis with Review of epidemiology and 
Biological Mechanisms. Cancer Epidemiol Biomarkers Prev 14(8), August 2005. 

72. Singh R, Dominiecki ME, Jaffee EM, Paterson Y. Fusion to Listeriolysin O and 
delivery by Listeria monocytogenes enhances the immunogenicity of HER-2/neu and 
reveals subdominant epitopes in the FVB/N mouse. J Immunol. 175(6): 3663-73, Sep 
2005. 

73. Murata S, Ladle BH, Kim PS, Lutz ER, Wolpoe ME, Smith HM, Armstrong TA, 
Emens LA, Jaffee EM, Reilly RT. OX40 Costimulation Synergizes with GM-CSF 
Whole-Cell Vaccination to Overcome Established CD8+ T Cell Tolerance to an 
Endogenous Tumor Antigen. J. Immunol. 176(2): 974-83, Jan 2006. 

74. Murata S, Kominsky SL, Vali M, Zhang Z, Garrett-Mayer E, Korz D, Huso D, Baker 
SD, Barber J, Jaffee E, Reilly RT, Sukumar S. Ductal access for prevention and 
therapy of mammary tumors. Cancer Res. 66(2): 638-45, Jan 2006. 

75. 



Invited Chapters and Reviews. 

1. Jaffee EM and Pardoll DM. (1994) Cytokine Gene-Transduced Tumor Cell Vaccines 
in "The Handbook of Experimental Immunology.". (Eds: DM Weir, C Blackwell, 
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Leonard A Herzenberg, and Leonore A Herzenberg). Blackwell Scientific 
Publications, Oxford, 5th Edition. 



2. Jaffee EM. (1994) Methods for Retroviral-Mediated Gene Transfer to Tumor Cells in 
"Methods in Molecular Biology: Gene Therapy Protocols." (Ed. Paul Robbins). The 
Humana Press, Inc., New Jersey, 307-327. 

3. Jaffee EM, Hurwitz, H and Pardoll D (1995) Immunotherapy with Genetically 
Modified Tumor Vaccines in "Biologic Therapy of Cancer." (Eds. DeVita VT, 
Hellman S, and S Rosenberg), Lippincott Press, Philadelphia, 2nd Edition, 774-783. 

4. Jaffee EM, Pardoll DM. (1996). Cytokine Gene-Transduced Tumor Vaccines in 
"Therapeutic Immunology". (Eds. K. Frank Austen, Steven J. Burakoff, Fred S. 
Rosen, Terry B. Strom). Blackwell Science, Inc., Cambridge, Massachusetts, 1st 
Edition, 575-586. 

* 

5. Jaffee EM, Pardoll DM. (1996) Murine Tumor Antigens: Is it Worth the Search? 
Current Opinion Immunology 8:622-627. 

6. Greten T, Jaffee EM. (1996) Methods for Gene Transfer to Primary Human 
Tumors. Current Protocols in Human Genetics. (Eds: N. C. Dracopoli, J.L. Haines, 
B.R. Korf, D.T. Moir, C.C. Morton, C. E. Seidman, J.G. Seidman, D.R. Smith). John 
Wiley & Sons, Inc., New York, New York. 

7. Jaffee EM (1999) Cancer Immunotherapy Protocols in "Methods in Molecular 
Medicine". 

8. Jaffee, E.M. (2000) Immunotherapy of Cancer. Anticancer Molecules. Annals of 
the New York Academy of Sciences 886,:67-72. 

9. Reilly RT, Machiels JP, Jaffee EM. (2000) Cancer Vaccines. Emerging drugs 
5(2):20 1-209. 

10. Marincola FM, Jaffee EM, Hicklin DJ, Ferrone S. (2000) Escape of human solid 
tumors from T-cell recognition: molecular mechanisms and functional significance. 
Adv Immunol. 74:181-273 

11. Laheru D, Biedrzycki B, Jaffee EM. (2001) Immunologic Approaches to the 
Management of Pancreatic Cancer. The Cancer Journal 7(4):324-327. 

12. Reilly RT, Machiels JP, Emens LA, Jaffee EM. (2001) Cytokine Gene-Modified 
Cell-Based Cancer Vaccines, "Methods in Molecular Medicine", Vol. 69, Gene 
Therapy Protocols, 2 nd Ed. Cytokine Gene-Modified Cell-Based Cancer Vaccines, 
Humana Press Inc., New Jersey, 233-257. 

13. Jaffee EM, Hruban RH, Canto M, Kern SE. (2002) Focus on pancreas cancer. 
Cancer Cel., 225-282. 
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14. Emens, LA and Jaffee, EM. (2003) Gene-Modified Tumor Cell Vaccines. In: 
Handbook of Cancer Vaccines, Humana Press, ed. Morse, MA, Clay, TM, and 
Lyerly,HK,pp253-273. 

15. Emens, LA and Jaffee, EM. (2003) Cancer Vaccines: An Old Idea Comes of Age. 
Cancer Biology and Therapy 2(4 Suppl l):S161-8. 

16. Laheru D, Biedryzycki B, Thomas AM, Jaffee EM. (2003) Development of a 
Cytokine-modified Allogeneic Whole Cell Pancreatic Cancer Vaccine. Methods in 
Molecular Medicine, 103:299-328. 

17. Emens LA, Reilly RT, Jaffee EM. (2004) Augmenting the Potency of Breast Cancer 
Vaccines: Combined Modality Immunotherapy. Breast Disease 20: 13-24. 

18. Emens, LA, Reilly RT, and Jaffee, EM. (2005) Manipulating Immunologic 
Checkpoints to Maximize Antitumor Immunity. In: Immunotherapy of Cancer ed. 
Nora Disis, Humana Press, pp. 33 1-353. 

19. Emens, LA and Jaffee, EM. (2005) Leveraging the Activity of Therapeutic Cancer 
Vaccines with Cytotoxic Chemotherapy. Cancer Research, 65: 1-6. 

20. Emens, LA and Jaffee, EM. (2005) Leveraging the Activity of Tumor Vaccines with 
Cytotoxic Chemotherapy. Cancer Research, 65: 18 

21. Emens, LA,Reilly RT, Jaffee, EM. (2005) Cancer Vaccines in Combination with 
Multimodality Therapy. Cancer Treat Research, 123: 227-45. 

22. Laheru DA, Pardoll DM, Jaffee, EM. (2005) Genes to Vaccines for Immunotherapy: 
How the Molecular Biology Revolution has Influenced Cancer Immunology. 
Molecular Cancer Thererapeutics, 4(1 1): 1645-52. 

23. Emens LA, Reilly RT, Jaffee EM. (2005) Breast Cancer vaccines: maximizing 
cancer treatment by taping into host immunity. Endocrine-Related Cancer, 12(1): 1- 
17. 

24. Laheru D, Jaffee EM. (2005) Pancreas Cancer Immunotherapy: Science Driving 
Clinical Progress. Nature Reviews Cancer, 5(6): 459-467. 

26. Drake CG, Jaffee, EM, Pardoll DM. (2006) Mechanism of Immune Evasion by 
Tumors. Advances in Immunology, 90: 51-81. 



Patents: 

1 . Methods of Treating Cancer with a Tumor Cell Line Having Modified Cytosine 
Expression.. Inventors: Elizabeth M. Jaffee, Drew M. Pardoll, and Hyam I. 
Levitsky. U.S. Patent# 6,033,674. 



11 



2. 



Allogeneic Paracrine Cytosine Tumor Vaccines. Elizabeth M Jaffee, Drew M. 
Pardoll, and Hyam L Levitsky. U.S. Patent# 8,773,367. 



3. Controlled Release of Pharmaceutical^ Active Substances for Immunotherapy. 
Inventors: Drew M. Pardoll, Elizabeth M. Jaffee, Paul Golumbek, Hyam Levitsky, 
andKamLeong. U.S. Patent #5,861,159. 

4. Cytokine Enhanced Immunotherapy for Brain Tumors. Inventors: Henry Brem, 
Drew Pardoll, Elizabeth Jaffee, Kam Leong, Reid Thompson. Pending. 

5. Melanoma Cell Lines Expressing Shared Immunodominant Melanoma Antigens and 
Methods of Using Same. Drew M. Pardoll, Elizabeth M. Jaffee, Adam Adler, 
Suzanne L. Topalian, and Steven A. Rosenberg. U.S. Patent #6,187,306. 

6. Mesothelin-specific CD8(+) T cell responses provide evidence of in vivo cross- 
priming by antigen-presenting cells in vaccinated pancreatic cancer patients. 
Inventors: Thomas AM, Santarsiero LM, Lutz ER, Armstrong TD, Chen YC, Huang 
LQ, Laheru DA, Goggins M, Hruban RH, Jaffee EM. U.S. Patent pending. 

Extramural Sponsorship: 
Grants: 



Previous: 

Principal Investigator, NIH/NCI Kl 1 Award, "Isolation and Characterization of 
Tumor-Specific Antigens", Project Dates: 08/01/92 - 07/31/97. Total costs: 
$716,027 

Principal Investigator, ACS Career Development Award, "Isolation and 
Characterization of Tumor-Specific Antigens", Project Dates: 07/01/92 - 06/30/93. 
Total Costs: $28,000 

Principal Investigator, ASCO Award, "Isolation and Characterization of Tumor- 
Specific Antigens", Project Dates: 07/01/92 - 06/30/93. Award Total: $26,500 

Principal Investigator, NIH/NCI CORE Grant Awards, "Development of a Breast 
Cancer Program at Hopkins", Project Dates; 09/3-/94 - 09/29/95. Award Total: 
$33,375 

Principal Investigator, National Kidney Cancer Assoc., "Identification of Human 
Renal Cancer Antigens Recognized by T Cells", Project Dates: 07/01/95 - 06/30/96. 
Award Total: $30,000 

Principal Investigator, NIH/NCI 1R01CA95012, "A phase I trial of an allogeneic 
pancreatic cancer vaccine", Project Dates: 07/01/96 - 06/30/00, Award Total: 
$609,503.00 
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Principal Investigator, Army - Department of Defense DAMD 17-96- 1-6 138 
"Recombinant vaccine strategies for breast cancer prevention", Project Dates: 
10/01/96 - 09/30/00, Award Total: $685,000. 

Project Leader and Co-Investigator, NIH - NCDDG CA-95-020, "Antigen specific 
vaccines for breast and cervical cancer", Principal Investigator: Pardoll, Project 
Dates: 1 1/1/96 - 9/30/00, Award Total: $723,584 

Project Leader, DOD DAMD1 7-01-1 -0280, "Identification of widely applicable 
tumor associated antigens for breast cancer immunology", Principal Investigator: Bai, 
Project Dates: 09/1 5/01 -09/14/04, Award Total: $100, 000 (annual). 

Principal Investigator, NIH/NCI 1R01CA79685 "Identification of CD8+ T cell 
targets on renal cancer", Project Dates: 12/1/99 - 1 1/30/04, Award Total: $1,374,359 

Principal Investigator, NIH/NCI NCDDG 2U19CA72108, "Antigen-specific vaccines 
for breast cancer", Project Dates: 09/19/00 - 04/30/05, Award Total: $1,414,600 

Principal Investigator, NIH/NCI 1 R01 CA88058, "A phase II clinical trial testing the 
efficacy of a GM-CSF secreting allogeneic pancreatic tumor vaccine for the treatment 
of pancreatic adenocarcinoma", Project Dates: 07/01/00 - 12/30/05, Award Total: 
$ 1,599,665 

Current: 

Principal Investigator, NCDDG NIH/NCI, "Combinatorial immunotherapy to amplify 
vaccine induced immunity", Project Dates: 6/1/05 - 04/30/10, Award Total: 
$733,945/year. 

Project Leader and Co-Principal Investigator, 1P50CA88843, SPORE in Breast 
Cancer, "Vaccines: A New Paradigm for Breast Cancer Prevention", Co-Principal 
Investigator: Nancy Davidson, Project Dates: 09/30/00 - 09/29/06, Award Total: 
$1,429,350 

Project Leader, NIH-RFA P50 CA62924, "SPORE in Gastrointestinal Cancer", 
"Gastrointestinal Malignancies: Integration of Chemotherapy with Vaccination in 
Metastatic Pancreatic Cancer" Principal Investigator: Scott Kern, Project Dates: 
10/01/93 - 06/30/07, Award Total: $863,298 

Project Leader, DOD/COE, "Prevention and Therapy of Metastatic Breast Cancer", 
high avidity HER-2/neu specific T cells traffic and function at the site of metastases. 
There is no overlap. Principal Investigator: Saraswati Sukumar, Project Dates: 7/1/04 
- 06/30/09, Award Total: $200,000/year. 

Principal Investigator, NIH/NCI ROl CA93714, "Chemotherapy plus vaccine for 
metastatic breast cancer": Project Dates: 01/01/02 - 12/31/07, Award Total: 
$2,984,128. 
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Principal Investigator, Avon Foundation, "The Avon Baltimore/Seattle Breast Cancer 
Immunotherapy Collaborative" Project Dates: 10/10/02 - 09/30/08 Total Award: 
$2,680,000. 

Contracts: 

Previous: 

Principal Investigator, SmithKline Beecham, "Identification of genes encoding the 
MHC class I and II antigens expressed by human renal, prostate and renal carcinoma 
cells 55 , Project Dates: 04/30/96 - 03/14/98. Award Total: $390,125.27 

Principal Investigator, SmithKline Beecham, "Phase I and II an allogeneic pancreatic 

clinical trial' 5 Project Dates: 2/29/96 - 2/28/00, Award Total: 

$1,035,150.0 

Principal Investigator: Corixa, "Isolation of pancreatic tumor antigens"; Project 
Dates; 01/01/01 - 12/31/01, Award Total: 141,346 

Principal Investigator, Lustgarten Foundation, "A phase II study of an allogeneic 
GM-CSF secreting pancreatic tumor vaccine 55 , Project Dates: 10/1/99 - 9/30/03 
Award Total : $700,000 

Principal Investigator, Cell Genesys, "Development of vaccine strategies potent 
enough to activate low affinity T cells 55 , Project Dates: 06/01/00 - 1 1/30/03, Award 
Total: $514,872 

Principal Investigator, Cell Genesys, "A phase II trial of CG8020 and CG2505 in 
patients with nonresectable or metastatic pancreatic cancer 55 , Project Dates: 07/01/02 - 
06/30/04, Award Total: $346,908 

Current: 

Principal Investigator, Cell Genesys, "A safety and efficacy trial of lethally irradiated 
allogeneic pancreatic tumor cells transfected with the GM-CSF gene in combination 
with adjuvant chemoradiotherapy for the treatment of adenocarcinoma of the 
pancreas 55 , Project Dates: 10/01/01 - 09/30/06, Award Total: $848, 000 

Principal Investigator, Cerus, "Evaluation of mesothelin as a vaccine target 55 
Developing new mesothelin based vaccines in a new mouse model of mesothelin 
expressing pancreatic tumors. Project dates 8/1/04 - 7/31/06, Award Total: 
$116,883/year. 

EDUCATIONAL ACTIVITIES: 
Teaching: 

1992 - present Second Year Medical Student Neoplastic Diseases 

Pathophysiology Course - Coordinator, Lecturer 

1 994 - present Precept Clinical Oncology Fellows in weekly outpatient clinic 
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1995 - present 
1995-2003. 

1995 - present 

1997- 2001. 

1997 - present 

1998- 2003 

1998 - present 

1999 - present 

2000 - present 

2001 -2003. 

2006 - present 
Mentoring Advisees: 



First Year Medical Student Immunology Course - Lecturer and 
small group section leader 

Organizer of Weekly Immunology Research Conference in 
Immunology Program 

Faculty, Graduate Program in Immunology 

Clinical Faculty Instructor, Introductory to Pathobiology - 
Lecturer, Pathobiology of Cancer Training Program 

Director, Second Year Medical Student Neoplastic Diseases 
Pathophysiology Course 

Lecturer in the JHU undergraduate immunology course - 
Tumor Immunology 

Lecturer in the JHU School of Public Health immunology 
course - Tumor Immunology. 

Faculty, Graduate Program in Cellular and Molecular Medicine 

Faculty, Graduate Program in Pharmacology 

Tutorial in Pharmacology: Principles and the Clinical 
Application of Genetic Target Discovery 

Cell and Molecular Medicine 



Post-doctoral Fellows 

1. Todd Armstrong. 9/02-7/04. Development of TCR transgenic mice specific for the 
immunodominant HER-2/neu CD8+ T cell antigen. Current position. Research 
Associate. Johns Hopkins School of Medicine. 

2. Yi-Cheng Chen, M.D, 3/01 - 2003. Assessment of immune responses to DC based 
vaccines. Assistant Professor, Tiawan. 

3. Alison Deckhut, Ph.D. Assessment and Identification of the Antigens expressed by 
human renal tumors. 1 1/94 - 5/97. Current position: Faculty Member, NIH 

4. Kathy Dixon, Ph.D. Antigen based strategies for the treatment of breast cancer. 1 1/94 
- 2/96. Current Position: Senior Researcher, Genetic Therapy Inc. 

5. Leisha Emens, M.D. 6/99 - present. Assistant Professor of Oncology, Johns Hopkins 
University SOM, November 1, 2001. Received a high priority score on a K23 NIH 
award that was funded; with Dr. Jaffee as her mentor. 
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6. Priyadarshini Ganesan, Ph.D.. August 2004-February 2006. Analysis of immune 
tolerance mechanisms to a new tumor antigen, mesothelin, in a murine pancreatic 
tumor model. 

Current Position: Research Associate, Australia. 

7. Tim Greten, M.D. Evaluation of Tumor antigens expressed by pancreatic tumors. 
9/95 - 10/98. Current Position: Faculty, MH-Hanover, Germany 

8. Lan-Qing Huang, M.D. 8/00-7/03. Current position: Research Associate, Johns 
Hopkins University. 

9. Herbert Hurwitz, M.D. Non-specific immune responses in colon and pancreatic 
cancer. 8/93 - 6/96. Current Position: Assistant Professor, Duke University SOM 

10. DoYoun Jun, Ph.D. Identification of the T cell targets expressed by renal cell 
carcinoma. 8/97 - 2/2000. Current Position: Research Associate, Kyungpook 
National University, Korea. 

1 1 . Dung Le, M.D. 6/05-present. Analysis of mesothelin specific antitumor immunity 
in a mouse model and humans. 

12. Dan Laheru, M.D. 6/99 - 6/01 . Current Position: Assistant Professor of Oncology, 
Johns Hopkins University SOM. Received a K23 NIH award with Dr. Jaffee as his 
mentor. 

13. Jean-Pascal Machiels, M.D. Dissection of the mechanism of synergy between tumor 
vaccines and chemotherapy. 9/98 - 10/00. Current Position: Faculty, Centre anti- 
cancereux de l'UCL Brussels,Belgium 

14. Richard Todd Reilly, Ph.D. Evaluation of antigen based vaccine for the prevention of 

breast cancer. 9/96 - 2000. Current Position: Assistant Professor in Oncology, 
Johns Hopkins University SOM. 

15. Zhiwei Yu, M.D. Identification of the T cell targets expressed by pancreatic 
adenocarcinoma. 10/97 - 1 1/2000. Leave of absence for medical reasons. 

16. Xianzheng Zhou, M.D. Identification of the T cell targets expressed by renal cell 
caricnoma. 4/97 - 8/02. Previously completing a postdoctoral fellowship in Dr. 
Jaffee' s laboratory, recently accepted a position as Assistant Professor in Medicine at 
the University of Minnesota (8/02). 

1 7. Dung Le, M.D. Evaluation of mechanisms of immune tolerance in HER-2/neu 
transgenic mice. 7/05-current. 

18. Ihid Leao, Ph.D. Evaluation of mesothelin specific T cell responses in a new mouse 
model of pancreatic cancer. 1/06-present. 
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Graduate and Medical Students 

1 . Anne Ercolini. Dissection of the mechanisms of CD8 T cell tolerance in a Her- 
2/neu transgenic mouse model of breast cancer. 3/97 - 2003. Anne Ercolini 
completed her Ph.D. work in Immunology in Dr. Jaffee's laboratory in 8/02. 

2. Morris Gottlieb, M.D. Evaluation of the mechanisms of CD8 T cell peripheral 
tolerance. 7/96 - 8/97. Current Position: Medical Resident, Duke Univ. School 
of Medicine. 

3. Alex Huang, M.D., Ph.D. Identification of tumor-specific antigens. 7/92 - 5/97. 
Current Position: Fellow, Pediatrics, Johns Hopkins University SOM 

Johns Hopkins University SOM 

4. Diane Weintraub. 6/99 - 2002. Evaluation of the mechanisms of CD4 T cell 
tolerance. 

5. Brian Ladle. 7/01-11/05. Pharmacology graduate student. Tracking of high affinity 
T cells in tolerized and non-tolerized mice. 

6. Robert Georgantas. Thesis Committee Member and Chair, Thesis Defense 
Committee, 1999-2001. 

7. Lukas Pfannestial, CMM graduate student evaluating CD4+ T cell responses in 
tolerized HER-2/new mice. September 2002-present. 

8. Elizabeth Manning, Pharmacology graduate student working with Dr. Jaffee on 
evaluating the modulation of the tumor's micro-environment to enhance anti-tumor 
immunity. September 2003-May 2006. 

9. Jennifer Uram. Immunology graduate student working on thesis project. Evaluation 
of CD8+ HER-2/neu cryptic epitopes in the HER-2/neu transgenic mouse model of 
mammary tumors. September 2003 -present. 

10. Eric Lutz. Immunology graduate student working on thesis project. Evaluation of 
mesothelin specific T cell responses in patients receiving immunization for pancreatic 
cancer. September 2003 -present. 

1 1 . Peter Kim. Pharmacology graduate student. Evaluation of the mechanisms of HER- 
2/neu antibody enhancement of vaccine induced T cell responses in the HER-2/neu 
transgenic mouse model of mammary tumors. September 2004-present. 

Editorial Activities: 

Editorial Board Member: 

Molecular Cancer Therapeutics - AACR Journal 
Cancer Biology and Therapy 
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2003-2005 



Cancer Research- Associate Editor 



Journal Reviews 
1992 -present 
1993 - present 
1993 - present 
1 993 - present 
1 997 - present 
1998 -present 
1998 -present 
1998 -present 

1998 - present 

1999 - present 
2003 - present 



Cancer Research - Reviewer 

Journal of Immunology - Reviewer 

Journal of the National Institutes of Health - Reviewer 

Journal of Immunotherapy - Reviewer 

Human Gene Therapy - Reviewer 

Journal of Clinical Oncology - Reviewer 

Nature Medicine - Reviewer 

Journal of Clinical Investigation - Reviewer 

Science- Reviewer 

New England Journal of Medicine - Reviewer 
The Journal of Gene Medicine - Associate Editor 



CLINICAL ACTIVITIES: 
Certifications: 

1987 - Pennsylvania Bureau of Professional and Occupational Affairs #MD 037496-E 

1987 - Drug Enforcement Administration, U.S. Department of Justice 

1 989 - American Board of Internal Medicine # 1 1 9426 

1989 - Maryland Bureau of Physician Quality Assurance #D38653 

1989 - Maryland Division of Drug Control #M29295 

1993 - American Board of Internal Medicine/Subspecialty in Oncology 

2002 - American Board of Internal Medicine/Subspecialty in Oncology 

Service Responsibilities: 

Supervisor of Medical Oncology Fellows Clinic 

Clinical Trials: 

1 . Phase I Study of Non-Replicating Autologous Tumor Cell Injections Using Cells 
Prepared with or without GM-CSF Gene Transduction in Patients with Metastatic 
Renal Cell Carcinoma. Completed 6/95. Role on project: Principal Investigator of 
the Laboratory Component of this Study. 

2. A Phase I Clinical Trial of Lethally Irradiated Allogeneic Pancreatic Tumor Cells 
Transfected with the GM-CSF Gene for the Treatment of Pancreatic 
Adenocarcinoma. Study Completed 6/99. Role on project. Principal Investigator of 
both the clinical and laboratory components of this study. 
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3. A Safety and Efficacy Trial of Lethally Irradiated Allegoric Pancreatic Tumor Cells 
Transfected with the GM-CSF Gene in Combination with Adjuvant Chemoradiation 
for the Treatment of Adenocarcinoma of the Pancreas. Role on Project. Principal 
Investigator of both the clinical and laboratory components of this study. 

4. A Phase I Vaccine Safety and Chemotherapy Dose-Findng Trial of An Allogeneic 
GM-CSF-Secreting Breast Cancer Vaccine Given in a Specifically Timed Sequence 
with Immunomodulatory Doses of Cyclophosphamide and Doxorubicin. Role on 
Project. Principal Investigator of both the clinical and laboratory components of this 
study. 

5. Phase I Clinical Trial of Vaccine Boosting with Lethally Irradiated Allogeneic 
Pancreatic Tumor Cells Transfected with the GM-CSF Gene for the Treatment of 
Pancreatic Cancer. Role on Project. Principal Investigator of both the clinical and 
laboratory components of this study. 

6. Phase II study of GVAX alone versus GVAX plus immune modulating Doses of 
Cyclophosphamide in Patients with metastatic pancreatic adenocarcinoma. Role on 
Project. Laboratory PI. 

7. Phase II study of an Allogeneic GM-CSF secreting tumor vaccine in sequence with 
Cyclophosphamide and Erbitux for patients with advanced pancreatic cancer. Role 
on Project. Laboratory PI. 

8. Phase I study of a Monoclonal Antibody to Mesothelin in patients with advanced 
pancreatic cancer. Collaboration with Morphotek, Inc. Role on Project. Laboratory 
PL 

9. A Safety and efficacy Trial of Lethally Irradiated Allogeneic Pancreatic Tumor Cells 
Transfected with GM-CSF Gene in Combination with Erbitux (Cetuximab) for the 
Treatment of Advanced Pancreatic Adenocarcinoma. Role on Project. Principal 
Investigator of laboratory component plus this study. 

ORGANIZATIONAL ACTIVITIES 



Institutional and Departmental Administrative Appointments: 



1992-present 


Department of Oncology Fellowship Selection Committee. 


1993 -present 


Oncology Center Medical Student Committee. 


1994-1995 


Oncology Center Faculty Compensation Committee. 


1995-1996 

0 


Department of Oncology Pharmacology Search Committee. 


1996 


Oncology Center Faculty Compensation Committee. 


1997-1998 


Member of the JHOC Executive Board. 



19 



1999-present 

1999- present 
2002-2005 

2000- 2002 

2001- presnt 

2002- present 
2004-2005 
2006-present 
2006-present 

Study Sections: 

5/4-6, 1994 
1998 

1995 
1996 

1996-2000 
1999-2000 
1998 - present 
2001-2004 

1/22-1/24/2003 



Member of the JHOC Executive Clinical Research Committee 
Member of the JHOC Education Committee 

Member of the Johns Hopkins School of Medicine Conflict of Interest 
Committee 

Member of the School of Medicine Residency/Fellowship Training 
Committee 

The Johns Hopkins School of Medicine Young Investigators' Day 
Committee 

Johns Hopkins Cancer Center Faculty Appointments and Promotions 
Committee 

Chair, Clinical Research Committee, Sidney Kimmel Cancer Center at 
Johns Hopkins 

Member, Professorial Promotions Committee, Johns Hopkins School 
of Medicine 

Deputy Director, Johns Hopkins School of Medicine Clinical and 
Translational Research Institute 



NCI Program Grant in Gene Therapy Site Visit Reviewer 

NCI Grant Review Committee, RFA CA-94-04, "New Therapeutic 
Approaches for Breast Cancer". 

NCI Experimental Immunology Study Section, Ad hoc 

Susan G. Komen Breast Cancer Foundation, Ad hoc 5. 

NCI Experimental Immunology Study Section, Member 

NIH RAID Program Special Review Group 

Ad Hoc Reviewer for The Dutch Cancer Society. 

NCI Parent Subcommittee D - Translational Research Program 
Grant Review Group 

NCI Sponsored Tumor Immunology Workshop Think Tank 
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2005-2010 



NCI Board of Scientific Counselors 



External Advisor: 

2001- 2003 Program Project Grant: "Cytokine Gene Therapy for Cancer", 

University of Pittsburgh Medical Center 
2000-2001 NCI Special Emphasis Panel Member, Program Review Group for 

Pancreatic Cancer 

5/2001 Consultant, Fred Hutchinson Cancer Center, Review of 

Translational Research Program in Solid Tumors 

9/2003 - present Roswell Park Cancer Institute's External Advisory Board, 

Buffalo, NY 

7/2004-present Fox Chase Cancer Center's Ovarian Cancer SPORE External 

Advisory Board, Philadelphia, PA 



Memberships in Professional Societies: 

American Association for Cancer Research 
American Association for the Advancement of Science 
American Society of Clinical Oncology 
American Association of Immunologists 
Society of Biological Therapy 

National Committees: 

American Association for Cancer Research: 

1999- present Annual Meeting: Educational Sessions and Methods Workshops 

Planning Committee. 

1999-2000 Annual Meeting: Clinical Trials Workshop Educational Session Co- 

organizer. 

1 999-2001 Annual AACR Meeting Meet the Expert in Cancer Vaccines 

2001 -present Women in Cancer Research Charlotte Friend Memorial 

Committee 



2003-2004 AACR Program Committee's Subcommittee Chairperson 

2003-2006 Women In Cancer Research Council (WICR) AACR 

2005-2008 Scientific Program Committee, ASCO 

2006 Chairperson of the Clinical Immunology/Biological Therapy 

Subcommittee of the Clinical Research Section of the 2006 AACR 
Program Committee 

NIH: 

1 998 Search Committee Chief, Laboratory of Immunotherapy. National 

Institute on Aging. 
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RECOGNITION 



Honors 

1977- 1981 
1981 



Brandeis University - Dean's List 

Brandeis University - Magna cum laude with highest honors in 

Biology/Immunology 

American Cancer Society Clinical Fellow 

Stetler Award 

American Cancer Society Research Fellowship Award 

American Society of Clinical Oncology Young Investigator Award 

Physician-Scientist Award, NIH 

Clinician-Scientist Award, Johns Hopkins School of Medicine 

National Kidney Cancer Career Development Award 

JHU Department of Oncology - Director's Award for Outstanding 

Teaching 

JHU Department of Oncology - Director's Award for Outstanding 
Teaching 

Recipient of the Dana and Albert Broccoli Endowed Chair in 
Oncology 



1989 
1992 
1992 
1992 
1992 
1992 



1998 



2001 



2002 



Invited Lectures and Symposia 
University Seminars 

1 . University of Southern California, Institute for Genetic Medicine and the Kenneth 
Norris Jr. Comprehensive Cancer Center Symposium on Gene Therapy for Human 
Disease: Basic Science and Clinical Applications. Friday, November 6, 1992. 

2. Johns Hopkins Oncology Center. Biology of Cancer Course. New Approaches to 
Cancer Therapy. Baltimore, Maryland. May 9, 1994. 

3. Department of M.C.D. Biology, University of Colorado, and Nexagen, Inc. Treating 
Cancer through Immune Recruitment. Vaccine Therapy of Cancer: Practice and 
Promise. Boulder, Colorado. November 12-13, 1994. 

4. University of Cincinnati, Molecular Medicine and the Treatment of Cancer. 
Cincinnati, Ohio, November 10-11, 1995. 

5. Johns Hopkins Oncology Center. Diagnosis and Treatment of Neoplastic Disorders. 
Vaccine strategies for the treatment of adenocarcinoma of the pancreas. Baltimore, 
Maryland. April 3-4, 1997. 

6. Roswell Park Cancer Institute, Staff Conference. Buffalo, New York. April 9, 1997. 

7. University of Maryland Hematology and Oncology Grand Rounds. November 1 997. 

8. Johns Hopkins Department of Allergy and Immunology Grand Rounds. January 9, 



9. Johns Hopkins Department of Pathology Grand Rounds. February 19, 1998 
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1998. 



10. Johns Hopkins Department of Cell Biology Ground Rounds. March, 1998. 

1 1 . The Rockefeller University. Anti-Cancer Proteins and Drugs: Structure, 
Function and Design. "Immunology of Cancer 5 November 6-9, 1998. 

12. University of Nebraska Oncology Grand Rounds. May 12, 1999. 

13. Roswell Park Cancer Institute Grand Rounds. July 23, 1999. 

1 4. Johns Hopkins Oncology Center. Diagnosis and Treatment of Neoplastic 
Disorders. Development of vaccines for the treatment for pancreatic cancer: 
Bench to bedside. Baltimore, Maryland. April 7, 2000. 

15. University of Pennsylvania Grand Rounds. Engineering immune responses to 
eradicate cancer: From mice to man. Philadelphia, PA, May 17, 2000. 

16. University of Connecticut Health Center, Center for Immunotherapy Seminar 
Series. Farmington, CT. October 19, 2000. 

1 7. University of Michigan Medical Center Grand Rounds. Ann Arbor, Michigan 
April 27, 2001. 

1 8 University of Alabama Birmingham. Birmingham, Alabama. Vaccines for 
Cancer Treatment: From Mice to Men. May 2, 2001 

19. Fred Hutchinson Cancer Research Center, Seattle, Washington, Vaccines for 
Cancer Treatment: From Mice to Men. May 7, 2001 

20. Scientific Sessions of the 183 rd meeting of the Interurban Clinical Club. Vaccines 
for Cancer Treatment: From Mice to Men. 2001 . 

21. Johns Hopkins Grand Rounds Department of Medicine. Pancreatic Cancer: Practice 
and Promise. October 12, 2001 

22. Vanderbilt-Ingram Cancer Center, Speaker at the Experimental Therapeutics Program 
Seminar, February 4, 2002. 

23. Congressional Briefing "New Approaches to Cancer Treatment and Prevention: 
Genomics and Proteomics", Capitol Hill, Washington, D.C., February 12, 2002. 

24. H. Lee. Moffitt Cancer Center and Research Institute, Speaker at Ground Rounds 
"Vaccines for Cancer Treatment: From Mice to Men", March 8, 2002. 

25. NIH Seminar Presentation April 18, 2002. 

26. Gordon Research Conference on Mammary Gland Biology 2002 in Luca, Italy, 
Speaker: "Combinatorial Therapies for Breast Cancer Treatment", April 28, 2002. 
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27. Annual NCI sponsored SPORE Meeting - Organizer of the Break Out Session on 
Immunotherapy, and Plenary Session Speaker: "Vaccines for Pancreatic Cancer: An 
Update", July 14-16, 2002. 

28. Invitation to speak at the Institute of Medicine, Special Emphasis Panel on 
Translation Research. Topic: Barriers to Translation Research. July 17,2002. 

29. Eighth Annual Symposium of the Penn State Cancer Institute, Speaker: "Vaccines for 
Cancer Treatment and Prevention: From Mice to Men". October 3 1 , 2002 

30. Voyage and Discovery Lecture Series, Speaker- Johns Hopkins University, 
Homewood Campus. March 25, 2003. 

3 1 . Invitation to speak at the 34 th International Symposium of the Princess Takamatsu 
Cancer Research Fund, Tokyo, Japan. Topic: From Genes to Vaccines for Pancreatic 
Cancer. November 11-13, 2003. 

32. Invitation to speak at the University of Nebraska. Topic: "Vaccines for Cancer 
Treatment: From Mice to Men". Omaha, NE. February 25, 2004. 

33. Invited to give a lecture at Howard University. Topic: "Cancer Immunology". Jointly 
sponsored by Johns Hopkins University and Howard University, Washington, D.C., 
March 24, 2004. 

34. Invitation to speak at the University of North Carolina/Chapel Hill. Topic: "Module 
Immune Tolerance on mice and men" February 2005 

35. Invitation to speak at the Vanderbilt University's Experimental Therapy Lecture 
Series, May 2005. Topic: Genes to vaccines for pancreatic cancer: How the 
molecular biology revolution has influenced cancer immunology. 

36. Invitation to speak ay the University of Pennsylvania's Molecular Studies in 
Digestive and Liver Disease Seminar, November 2006 Topic: Genes, Vaccines, and 
Immune Checkpoints: Raising Hope for Pancreatic Cancer Therapy. 

37. Invitation to speak at the University of South Florida College of Medicine and H. Lee 
Moffitt Cancer Center and Research Institute. Topic: "Tipping the Immune System 
Balance in Favor of Effective Anti-Cancer Therapy" January 25, 2007 

38. Invitation to speak at the The Society of Surgical Oncology, Inc, Washington, D.C. 
Topic: "Adjuvant Therapy for Pancreatic Cancer" March 17, 2007 

National and International Meetings 
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1 . Keystone Symposium on Cellular Immunity and Immunotherapy of Cancer, 
Workshop: Role of MHC Molecules in Tumor Recognition and Rejection. Toas, 
New Mexico. March 19, 1993. 

2. First International Conference on Engineered Cancer Vaccines and AIDS Vaccines. 
Analysis of the Immune Response Induced by Tumors Engineered to Secrete 
Cytokines. San Francisco, CA. September 30 -October 2, 1993. 

3. American Association for Cancer Research Conference on Molecular Approaches to 
Cancer Immunotherapy. Identification of Immunodominant Tumor Specific Antigens 
and Their Use in Antigen Specific Immunotherapy. Ashville, North Carolina. 
November 9, 1993. 

4. U.S./Japan workshop on "Cell Biology of the Host Anti-Tumor Immune Response". 
Identification of Immunodominant Tumor-Specific Antigens and their Use in 
Antigen-Specific Immunotherapy. Bethesda, Maryland. January 10-12, 1994. 

5. International Conference on Gene Therapy and Vaccines for Cancer. Analysis of the 
Immune Responses Induced by Cytokine-Secreting Tumor Vaccines. Washington, 
D.C. January 26-27, 1994. 

6. The Third International Symposium on the Biology of Renal Cell Carcinoma at the 
Cleveland Clinics. Analysis of the Immune Responses Induced by Cytokine- 
Secreting Tumor Vaccines: Extrapolation to Clinical Trials. Cleveland, Ohio. 
March 7-8, 1994. 

7. Bio/Technology. Clinical Trials: New Paradigms for Success. Gene Therapy in 
Practice: A View from the Clinic. Washington, D.C. June 20-21, 1995. 

8. American Society of Nephrology. 1994 Basic Science Symposia. Cytokine Gene 
Therapy of Renal Cancer. Orlando, Florida. October 26-30, 1994. 

9. Association of Graduates of the Faculty of Medicine at the Federico Villarreal 
National University International Meeting on Cancer Treatment. New Approaches 
for Cancer Therapy. Lima, Peru. November 16-19, 1994. 

10. Immune Monitoring of Cancer Vaccine Clinical Trials. NIH Campus. Bethesda, 
MD. April 12, 1995. 

1 1 . Cancer Vaccines. Cambridge Healthtech Institute. Arlington, Virginia. June 5-6, 
1995. 

12. Genomic Science Series Conference on Gene Therapy. Hilton Head, SC, May 9-12, 
1996. 

13. American Association of Immunologists. Chairperson - Minisymposium on 
Antigen Presentation and Tumor Immunity. New Orleans, Louisiana. June 2-6, 
1996. 
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14. Berzelius Symposium XXXIV on Virus as Target for Cancer Prevention and 
Therapy. June 12-14, 1996. 

1 5. National Kidney Cancer Association National Meeting. Chicago, Illinois. July 20, 
1996. 

16. American College of Surgeons Annual Spring Meeting. April 26-29, 1998. 

17. Ask the Experts: AACR Annual Meeting, Progress and New Hope in the Fight 
Against Cancer. San Francisco, CA, April 1,2000. 

1 8. The Lustgarten Foundation for Pancreatic Cancer Research: Workshop on Novel 
Approaches for the Treatment of Pancreatic Cancer. April 26, 1999. 

19. National Breast Cancer Coalition Think Tank. Apsen, Colorado. June 30 -July 4, 
1999. 

20. NCI Sponsored Meeting on Tumor Escape From Immune Recognition (Co- 
Organizer). 8/22-23/99. 

21 . NCI Sponsored Pancreatic Cancer Think Tank, Park City, Utah. Speaker and 
Organizer of Workshops on Therapy. September 16- 19, 1999. 

22. A ACT, NCI and EORTC sponsored Molecular Targets in Cancer Therapeutics: 
Discovery, Development, and Clinical Validation. November 16-19. 1999 

23. Second Annual Colloquium on Cancer Vaccines and Immunotherapy. Walkers 
Cay, Bahamas. March 8-1 1, 2000. 

24. Eighth Annual Advocacy Training Conference for the National Breast Cancer 
Coalition Fund. Washington, D.C., April 29, 2000. 

25. American Society of Clinical Oncology. Speaker at Educational Session. Update 
on the Treatment of Pancreas Cancer. New Orleans, LA. May 20-23, 2000. 

26. 12 th Annual Cancer Progress Conference. New York, New York. October 3, 
2000. 

27. Visiting Professor at the Ludwig Institute in Belgium. June 17, 2001 

28. Lustgarten Foundation for Pancreatic Cancer Research Third Annual Scientific 
Conference at JHMI - Co-Chair. June, 2001. 

29. Co-chair of the NIH Sponsored SPORE Meeting Breakout Session on Cancer 
Vaccines. Westfield, Virginia, July 10-1 1, 2001. 
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30 Grand Rounds. Vaccines for Pancreatic Cancer: From Mice to Men. Mayo Clinic, 
Rochester, MN, July 26, 200 1 . 

3 1 . Pancreas Cancer 2001 , "Systemic Immunotherapy", Seattle, Washington, August 24- 
25,2001. 

32. Williamsburg Bioprocessing Foundation, "The Design and Operation of a GMP 
Facility at Johns Hopkins University", Rockville, MD, October 16, 2001. 

33. Society for Biological Therapy in cooperation with the CTEP Vaccine Working 
Group-NIH and the United States FDA international workshop, NIH Campus, 
Bethesda, MD, November 8, 2001 . 

34. The 16 th Annual Scientific Meeting for the Society for Biological Training, Natcher 
Auditorium, Bethesda, MD, November 9 th -1 1 th 200 1 . 

35. Vanderbilt-Ingram Cancer Center, Speaker at the Experimental Therapeutics Program 
Seminar, February 4, 2002. 

36. Congressional Briefing, "New Approaches to Cancer Treatment and Prevention: 
Genomics and Proteomics", Capitol Hill, Washington DC. February 12, 2002. 

37. H. Lee Moffitt Cancer Center & Research Institute, Speaker for Grand Rounds 
"Vaccines for Cancer Treatment: From Mice to Men", March 8, 2002. 

38. AACR 2002, 93 rd Annual Meeting, Co-Chairperson, "Advances in Tumor Specific 
Immunity Minisymposium Immunology/Experimental & Preclinical 3." April 6-10, 
2002. 

39. NIH, "Seminar Presentation", April 1 8, 2002. 

40. Gordon Research Conferences, Mammary Gland Biology Conference 2002, Speaker, 
Session VI, "Combinatorial therapies for breast cancer treatment". April 28, 2002. 

41 . NCI Sponsored Tumor Immunology Think Tank, Bethesda, Maryland. January 22 - 
24,2003. 

42. The Seventh US- Japan Cellular and Gene Therapy Conference. Bethesda, Maryland. 
March 4, 2004. 

43. 95 th AACR Annual Meeting. Roundtable discussion leader during the WICR Council 
sponsored Leila Diamond Memorial Networking Breakfast. Orlando, FL. March 29, 
2004. 

44. 95 th AACR Annual Meeting. Served as a mentor during a special program for High 
School Students entitled, "The War Against Cancer: The Task for the Next 
Generation". Orlando, FL. March, 2004. 
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45. 



95 AACR Annual Meeting. Roundtable mentor during the Associate Member Grant 
Writing Workshop. Orlando, FL. March, 2004. 



46. 95 AACR Annual Meeting. Roundtable discussion leader during the Minorities in 
Cancer Research Council sponsored Professional Advancement Roundtable entitled, 
"Navigating the Road to a Successful Career in Cancer Research". Orlando, FL. 
March, 2004. 

47. Lustgarten Foundation for Pancreatic Cancer Research, Advances and Challenges 
Conference. Topic: "Pancreatic Cancer Vaccines: From Mice to Men". San 
Francisco, CA. June, 2004. 

48. 96 th AACR annual meeting. Conference Topic: "Cancer Vaccines Complementing 
Anticancer Therapy", Anaheim, California, April 2005. 

49. Co-chair, International Society for Biological Therapy of Cancer annual meeting, 
Symposium: "Overcoming Immunosupression / Tolerance in Cancer Patients", 
Alexandria, VA, November, 2005. 

50. International Society for Biological Therapy of Cancer annual meeting, Symposium: 
"Recruitment of high avidity T Cells to the Anti-tumor immune response.", 
Alexandria, VA, November, 2005 

51. Cancer Vaccine Consortium: "Multi-Targeted immune Based Therapies: Science 
Driving Clinical Practice", Washington, DC, November, 2006 

52. American Association for Cancer Research: "Genes, Vaccines, and Immune 
Response: An All Out Attack on Pancreatic Cancer." , Miami, FL, November, 2006. 



OTHER PROFESSIONAL ACCOMPLISHMENTS 

1 . Established and Direct the Johns Hopkins Oncology Center Cell Processing and Gene 
Therapy cGMP Facility. Purpose of facility: To conduct clinical trials employing 
cellular and genetic based vaccine therapies for the treatment of cancer. 

NEW INVENTIONS. 

1 . Identification of Mesothelin as a new tumor antigen expressed by pancreatic 
adenocarcinomas (submitted 6/02). 
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EXHIBIT 2 



Mesothelin-specific CD8 + T Cell Responses Provide Evidence 
of In Vivo Cross-Priming by Antigen-Presenting Cells in 
Vaccinated Pancreatic Cancer Patients 

Amy Morck Thomas, 1 Lynn M. Santarsiero, 1 Eric R. Lutz, 1>2 Todd D.Armstrong, 1 
Yi-Cheng Chen, 1 Lan-Qing Huang, 1 Daniel A. Laheru, 1 Michael Goggins, 3 
Ralph H. Hruban, 3 and Elizabeth M.Jaffee 1 - 2 ' 3 



1 Department of Oncology, 2 The Graduate Program in Immunology, and 3 Department of Pathology,The Sidney 
Kimmel Cancer Center, Johns Hopkins University, Baltimore, MD 21231 



Abstract 

Tumor-specific CD8 + T cells can potentially be activated by two distinct mechanisms of major 
histocompatibility complex class I-restricted antigen presentation as follows: direct presentation 
by tumor cells themselves or indirect presentation by professional antigen-presenting cells 
(APCs). However, controversy stiU exists as to whether indirect presentation (the cross-priming 
mechanism) can contribute to effective in vivo priming of tumor-specific CD8 + T cells that 
are capable of eradicating cancer in patients. A clinical trial of vaccination with granulocyte 
macrophage-colony stimulating factor-transduced pancreatic cancer lines was designed to test 
whether cross-presentation by locally recruited APCs can activate pancreatic tumor-specific 
CD8 + T cells. Previously, we reported postvaccination delayed-type hypersensitivity (DTH) 
responses to autologous tumor in 3 out of 14 treated patients. Mesothelin is an antigen demon- 
strated previously by gene expression profiling to be up-regulated in most pancreatic cancers. 
We report here the consistent induction of CD8 + T cell responses to multiple HLA-A2, A3, 
and A24-restricted mesothelin epitopes exclusively in the three patients with vaccine-induced 
DTH responses. Importantly, neither of the vaccinating pancreatic cancer cell lines expressed 
HLA-A2, A3, or A24. These results provide the first direct evidence that CD8 T cell responses 
can be generated via cross-presentation by an immunotherapy approach designed to recruit 
APCs to the vaccination site. 

Key words: immunotherapy • antigen • cancer vaccine • epitopes • T lymphocytes 



Introduction 

A major goal of vaccine development is to design immuni- 
zation strategies that activate CD8 + T cells. CD8 + T cells 
are the effector cells most capable of directly recognizing 
and lysing their target, whether it be a virally infected cell 
or a tumor cell. Activation of CD8 + T cells requires target 
cell presentation of antigen on MHC class I (1). In a host 
with cancer, tumor cells can present endogenous MHC 
class I-restricted antigens to CDS 1 T cells by direct presen- 
tation. However, the APCs of the host, rather than the tumor 
cells themselves, can also process and present acquired tumor 
antigens captured from the tumor's micro environment, to 
prime CD8' f T cells. The mechanism of transferring exog- 
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enously acquired antigens from the APC endocytic processing 
and presentation pathway into the cytosol for processing 
and presentation via the proteosome (the endogenous pro- 
cessing and presentation pathway) is referred to as cross- 
priming (2-10). 

Many preclinical studies have demonstrated that APCs 
have the ability to capture dying cells, and process and 
present captured antigens expressed by these cells to CD8 + 
T cells (5, 8, 11-16). Several groups have shown that the 
DC, in particular, exhibits efficient cross-priming in both 
human and mouse models in vitro (6, 17). Although cross- 
priming has been confirmed as a mechanism by which 
CD 8 4 T cells can be primed in vitro, controversy still exists 
concerning the efficiency of this mechanism at priming 



Abbreviations used in this paper: DTH, dclaycd-type hypersensitivity; 
SAGE, serial analysis of gene expression. 
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CD8 + T cells in vivo (18). In several murine tumor mod- 
els, Zinkernagel et al. found that, whereas MHC class II- 
restricted antigens were efficiently cross-presented, CTL 
activation occurred exclusively via direct presentation of 
MHC class I-restricted antigens by the tumor (18). A bet- 
ter understanding of the role of the cross-priming mecha- 
nism in the induction of CD8 + T cells in vivo will have 
important implications for future vaccine development. 

Several cancer vaccine approaches under clinical develop- 
ment specifically aim to recruit and activate DCs as a first 
step in priming both CD4 ' and CD8 ' T cells (19, 20). The 
unique capacity of DCs to stimulate tumor-reactive T cell 
lines from cancer patients emphasizes the importance of the 
cell type in recruiting cryptic populations of tolerant or low 
affinity T cells into an antitumor response (21). In particular, 
whole cell vaccine approaches have already demonstrated 
that the APCs of the host, rather than the vaccinating tumor 
cells themselves, can prime both CD4" 4 and CD8 + T cells 
that are capable of generating systemic antitumor immunity 
against transplanted murine tumors in vivo (14, 22, 23). It 
has been more difficult to prove that cross-priming is in- 
volved in the induction of clinically meaningful CD8 4 T 
cell responses in patients. The major impediment has been 
the lack of correlation of immunization and the induction 
of T cell responses in reported studies. 

In a recently completed phase I trial, a vaccine consisting 
of two allogeneic, GM-CSF-secreting pancreatic tumor 
cell lines induced a dose-dependent delayed-type hyper- 
sensitivity (DTH) response to autologous tumor cells in 3 
out of 14 patients (24). A whole cell tumor vaccine ap- 
proach allows for polyvalent immunizations under circum- 
stances where relevant tumor rejection antigens have not 
yet been identified. This allogeneic GM-CSF-secreting 
pancreatic tumor vaccine was specifically designed to test 
whether GM-CSF can recruit A PCs, in particular DCs, to 
the site of vaccination and subsequently prime CD8 + T 
cells by the cross-priming mechanism. To determine whether 
this vaccine induced CD8 + T cell responses and to study 
the mechanism of activation of these responses, we have 
developed a functional genomic approach that uses immu- 
nized lymphocytes from vaccinated patients to identify im- 
munologically recognized tumor-associated antigens from 
among genes overexpressed in the relevant tumor type. 
Here, we identify a pancreatic tumor-associated antigen, 
mesothelin, as a relevant target of vaccine-induced CD8 *' 
T cell responses. We use these responses to directly evalu- 
ate the capacity of the GM-CSF-transduced vaccines to in- 
duce cross-priming in pancreatic cancer patients. 

Materials and Methods 

Identification of Candidate Genes and Epitope Selection, Serial 
analysis of gene expression (SAGE) was used to identify mesothe- 
lin as one of the genes overexpressed in pancreatic cancer cell 
lines and fresh tissue (25, 26). Two computer algorithms "131- 
MAS" (27) and "SYFPEITHI" (28) that arc available to the gen- 
eral public and accessible through the internet were used to pre- 
dict peptides that bind to HLA-A2, A3, and A24 molecules. 



Peptides and T2 Cell Lines. All peptides were purified to 
>95% purity and synthesized by Macromolecular Resources ac- 
cording to the following published sequences: Ml peptide ( SH -66) 
GILGFVFTL, derived from influenza matrix protein (29); me- 
sothelin A2 (2)) _28) peptide SLLFLLFSL; mesothelin A2 (530-5^ pep- 
tide VLPLTVAEV, identified using the available databases; and 
HIV-gag A2 peptide SLYNTVATL (7S _ H3) (30), which contains an 
HLA-A2 binding motif. Mesothelin A3 (H>91) peptide ELAVA- 
LAQK mesothelin A3 (22S _ 233) peptide ALQGGGPPY, and H1V- 
NEF A3 (94 _ 1fl3) peptide QVPLRPMTYK (31) contain an HLA-A3 
binding motif. Mesothelin A24 (435 _ 443) peptide FYPGYLCSL, me- 
sothelin A24 (475 _ 483) peptide LYPKARLAF, and tyrosinase peptide 
AFLPWHRLF (20ft _ 2l4) (32) contain an HLA-A24 binding motif. 
The mesothelin A1 (309 _3 l7) peptide EIDESL1FY was used as a neg- 
ative control peptide and contains an HLA-A1 binding motif. 
Stock solutions (10 mg/ml) of peptides were prepared in 100% 
DMSO (JTBaker) and further diluted in cell culture medium to 
yield a final peptide concentration of 10 ng/ml for each assay. The 
T2 cells arc a human B and T lymphoblast hybrid that only ex- 
presses the HLA-A*0201 allele (33). T2 cells are TAP deficient 
and, therefore, fail to transport newly processed HLA class I bind- 
ing epitopes from the cytosol into the endoplasmic reticulum, 
where these epitopes would normally bind to nascent HLA mole- 
cules and stabilize them for expression on the cell surface (33). The 
T2-A3 arc T2 cells genetically modified to express the HLA- 
A*0301 allele and were a gift from W. Storkus (University of Pitts- 
burgh, Pittsburgh, PA; reference 34). The T2-A24 are T2 cells ge- 
netically modified to express the HLA-A24 allele. The HLA-A24 
gene was a gift from P. Robbins (National Ganccr Institute, Bc- 
thesda, MO; reference 32). T2 cells were grown in suspension cul- 
ture in RPM1 1640 (GIBCO BRL), 10% FBS (Hyclone) supple- 
mented with 200 uJvl L-glutaminc (JRH Biosciences), 50 U/jxg/ 
ml of Pen/Strep (Sigma-Aldrich), 1% NEAA (Sigma- Aldrich), and 
1% Na-Pyruvatc (Sigma-Aldrich) in 5% C0 2 at 37°C. 

Peptide /MHC Binding Assays. T2 cells expressing the HLA 
molecule of interest were resuspended in AimV scrum-free media 
(GIBCO BRL) to a concentration of 10 6 cells/ml and pulsed with 
|3-2 microglobulin (P 2 -M) plus peptide at concentrations ranging 
from 0 to 225 (Xg/ml of peptide at room temperature overnight. 
The level of stabilized MHC on the cell surface of the T2 and T2- 
A24 cells was analyzed by direct staining of cell samples with unla- 
beled anti-class I mAb W6/32 and a goat anti-mouse F1TC- 
labcled IgG2a secondary antibody. The level of stabilized MHC 
on the cell surface of the T2-A3 cells was analyzed by direct stain- 
ing of cell samples with unlabeled anti-hlLA-A3 mAb GAPA3 
and a goat anti-mouse FITC-labeled IgG2a secondary antibody. 
Viable cells, as determined by exclusion of propidium iodide, 
were analyzed by flow cytometry on a dual laser FACSCalibur™ 
(Becton Dickinson) using Flowjo analysis software (Treestar). 
Data arc expressed as an increase in mean fluorescence intensity 
(AMF1) of cells with each peptide compared with that determined 
for cells without peptide or a negative control peptide. 

PBLs and Donors. Peripheral blood (100 cc prevaccination 
and 28 d after each vaccination) were obtained from all 14 pa- 
tients who received an allogeneic GM-CSF-secreting pancreatic 
tumor vaccine as part of a previously reported phase I vaccine 
analysis (24). Informed consent for banking lymphocytes to be 
used for this antigen identification study was obtained at the time 
of patient enrollment into the study. Pre- and postvaccinc PBLs 
were isolated by density gradient centrifugation using Ficoll- 
Hypaque (Amersham Biosciences). Cells were washed twice with 
scrum-free RPM1 1640. PBLs were stored frozen at — I40°C in 
90% AIM-V media containing 10% DMSO. 
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Enrichment o f PBLs for CD8+ T Cells. CD8 + T cells were 
isolated from chawed PBLs using magnetic cell sorting of human 
leukocytes as per the manufacturer's directions (MACS; Miltcnyi 
Biotec). Cells were fluorcsccntly stained with CD8-PE antibody 
(Bccton Dickinson) to confirm that the positive population con- 
tained CD8 + T cells and analyzed by flow cytometry. This pro- 
cedure consistently yielded >95% CD8 f T cell purity. 

CD8+ M1 -specific T Cell Lines. Mi-specific T cell lines 
were generated by repeated in vitro stimulation of HLA- 
A*0201 + PBLs initially with irradiated autologous dendritic cells 
followed by irradiated autologous EBV-transformed B cells, both 
pulsed with the HLA-A*0201 -restricted epitope. T cells were 
stimulated at a 1 :2 T ccll/EBV cell ratio in T cell media consist- 
ing of RPM1 1640, 10% human scrum (pooled serum collected at 
the Johns Hopkins University Hemaphercsis Unit), 200 u.M 
L-Glutaminc, 50 U/fxg/ml Pen/Strep, 10 mM Hepes (GIBCO 
BRL) supplemented with 60 international units lL-2/ml (R&D 
Systems), and 10 ng/wcll IL-7 (R&D Systems). This line was 
used as a positive control T cell line in all assays. 

ELISPOT Assay. Multiscreen 96-well filtration plates (Mil- 
lipore) were coated overnight at 4°C with 60 fxl/well of 1 0 \xg/ 
ml anti-hIFN-7 mouse Mab 1-D1K (Mabtcch). Wells were 
washed three times each with PBS and blocked for 2 h with T 
cell media. 10 s T2 cells pulsed with 10 ng/ml of peptide in 100 
u,l of T cell media were incubated overnight with 10 5 thawed 
PBLs that were purified to select CD8 + T cells in 100 uJ T cell 
media on the ELISPOT plates in replicates of six. The plates 
were incubated overnight at 37 °C in 5% C0 2 . Cells were re- 
moved from the ELISPOT plates by washing six times with 
PBS + 0.05% Twccn 20 (Sigina-AJdrich). Wells were incubated 
for 2 h at 37°C in 5% CG 2 using 60 uJ/wcIl of 2 u.g/ml of bio- 
tinylatcd Mab anti-hIFN-7 7-B6-1 (Mabtcch). The avidin per- 
oxidase complex (Vcctastain ELITE ABC kit; Vector Laborato- 
ries) was added after washing six times with PBS/Twccn 0.05% 
at 100 u,l/well and incubated for 1 h at room temperature. AEC 
substrate solution (3-amino-9-cthylcarbazolc) was added at 100 
u,l/well and incubated for 4-12 min at room temperature. Color 
development was stopped by washing with tap water. Plates were 
dried overnight at room temperature, and colored spots were 
counted using an automated image system ELISPOT reader 
(Axioplan2; Carl Zeiss Microimaging, Inc.). 

Plow Cytometry. The cell lines were washed twice and rcsus- 
pended in FACS* bufTcr (HBSS supplemented with 1% PBS, 2% 
FBS, and 0.2% sodium azide), stained with mouse monoclonal 
mcsothclin (CAK1; Signet Laboratories) followed by F1TC- 
labclcd goat anti-mouse IgG 1 (BD Biosciences) for flow analysis 
in a FACScan™ analyzer (BD Immunocytomctry Systems). 

In Vitro Generation of Tumor-reactive CTLs. Purified mono- 
cytes were cultured for 4 d in the presence of 100 ng/ml recom- 
binant human CM-CSF (R&D Systems) and 10 ng/ml rhlL-4 
(R&D Systems) in complete RPM1 1640 medium (35). The 
monocytes were activated overnight by incubation with 0.5 u.g/ 
ml LPS (Sigma- AJdrich). The tissue culture-generated mono- 
cytes were pulsed with 30 U-g/ml of synthetic peptides together 
with 3 u,g/ml p 2 -M (Sigma-Aldrich) in PBS containing 1% hu- 
man scrum albumin (Sigma-Aldrich) for 4 h at room tempera- 
ture. The pcptidc-pulscd DCs were washed twice, irradiated 
(4,200 rad), and mixed with autologous CDS T cells (purified 
with antibody-coated magnetic beads by positive selection; 
Miltcnyi Biotec) at a 1:10 (DC/T cell) ratio. This medium was 
supplemented with 10 ng/ml rhIL-7 (R&D Systems). 1 d later, 
60 international units/ml rhIL-2 (R&D Systems) were added to 
the cultures to increase the efficiency of CTL induction. Approx- 



imately every 10 d, the T cell cultures were rcstimulatcd with ir- 
radiated peptide-pulsed autologous DCs as previously mentioned, 
adding rhlL-7 and rhlL-2 on the same day. The cytotoxicity as- 
says were performed after three rounds of peptide stimulation, 

Chromium Release Assay. 1 0 6 target cells were labeled in 1 00 
jxl complete medium and 100 uX2i 5, Cr (Amersham Biosciences) 
at 37°C for 1-1.5 h (36). To determine the mesothelin-specific 
lysis from patient 13 CD8 + T cell line, 5, Cr-labclcd target cells 
(3 X 10 3 ) were added to varying concentrations of the CD8 + T 
cell line in a total of 200 uJ in a v-bottom 96-well plate for 4 h at 
37°C. Each data point was performed in triplicate and averaged. 
Data arc expressed as percentage of specific lysis = (measured re- 
lease — spontaneous release) — (maximum release — spontaneous 
release) X 100. The spontaneous release ranged between 10 and 
15% of the total label incorporated into the cells. For HLA- 
blocking studies, either the pan-HLA antibody W6/32 (HB-95; 
American Typ c Culture Collection) or the isotype matched anti- 
Schistosoma mansoni antibody, MBL (HB-193; American Type 
Culture Collection) were added to the target cells (50 jig/ml) for 
30 min at 37°C before adding the T cells. 



Results 

Vaccination with an Allogeneic Pancreatic Tumor Vaccine 
Induces Mesothelin-specific CD 8+ T Cells. To determine 
whether the cross-priming mechanism is functional and ef- 
ficient in inducing CD8 + T cells in pancreatic cancer pa- 
tients receiving an allogeneic, GM-CSF-secreting vaccine, 
we first needed to identify pancreatic tumor antigens 
against which vaccine-induced immune responses are elic- 
ited. A growing number of genes shown to be differentially 
expressed in pancreatic adenocarcinomas using SAGE have 
been tabulated and reported (25, 26, 37). We screened this 
SAGE analysis database to identify genes that can also serve 
as potential immune targets for the majority of pancreatic 
adenocarcinoma patients. We focused specifically only on 
those genes that were nonmutated, overexpressed by the 
majority of pancreatic cancer patients, and overexpressed 
by the vaccine cell lines (all being important requirements 
for evaluating CD8 + T cell cross-priming). One gene that 
met all three criteria was mesothelin (25), the focus of this 
paper. We used the combination of two public-use com- 
puter algorithms (27, 28, 35) to predict peptide nonamers 
that bind to three common HLA class 1 molecules. Both 
computerized algorithms score candidate epitopes based on 
amino acid sequences within a given protein that have sim- 
ilar binding motifs to previously published HLA-binding 
epitopes. We synthesized the top two ranking mesothelin 
epitopes for HLA-A2, HLA-A3, and HLA-A24 favored by 
both algorithms because at least one of these three HLA 
class I molecules is expressed by each of the 14 patients that 
were treated in the vaccine paper (24). The human T2 cell 
line, which expresses empty MHC class I molecules on its 
surface because it is TAP transporter deficient, was used to 
confirm epitope binding to MHC class I (33). Binding of 
these epitopes to their respective HLA class I molecule was 
confirmed by pulsing TAP-deficient T2 cells that expressed 
the corresponding HLA class I molecule (T2-A2, T2-A3, 
or T2-A24 cells). As shown in Fig. 1 A, pulsing of two me- 
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Figure 1. T2 binding assay identifies mcsothelin protein-derived 
epitopes that bind to HLA-A2, A3, and A24 molecules. T2 cells were 
pulsed with (>-225 jxg/niJ of peptide overnight at room temperature before 
analysis by flow cytometry. (A) T2 cells expressing HLA-A2 and pulsed 
with either a mcsothelin Al (3(W „ M7 j peptide (closed diamond), mcsothelin 
A2p>. 2 $?) (closed square), and mcsothelin A2 {W(> .53 K ) (closed triangle). (B) T2 
cells genetically modified to express HLA- A3 and pulsed with either 
mcsothelin A)^ tl . ii7) peptide (closed diamond), mcsothelin A3 {H 3... J | ) 
(closed square), and mcsothelin A3 (2 2.v 2,\i) (closed triangle). (C) T2 cells 
genetically modified to express HLA-A24 and pulsed with either mcsothe- 
lin A1 (3iy> _3 )7) peptide (closed diamond), mcsothelin A24 (415 . 441) (closed 
square), and mesothclin A24 t - 475 _ 4M) (closed triangle). 



sothelin-derived epitopes predicted co bind to HLA-A2 
allowed for detection of HLA-A2 on the cell surface of 
T2-A2 cells by flow cytometry after staining with the 
HLA class I-specific antibody, W6/32. In contrast, T2 
cells pulsed with a mcsothelin epitope predicted to bind 
to HLA-A1 do not stain with the same antibody. Bind- 
ing of T2 cells pulsed with two candidate mesothe- 
lin-derived HLA-A3 and two candidate HLA-A24 
epitopes demonstrated similar results (Fig. 1, B and C, 
respectively). 

To determine if mesothelin is recognized by CD8 + T 
cells, we screened antigen-pulsed T2 cells in a quantitative 
ELISPOT-based assay using pre- and postvaccination CD8 + 
T cell-enriched PBLs from the 14 patients treated previ- 



ously with the allogeneic, GM-CSF-secreting pancreatic 
tumor vaccine. Previously, we reported the association of in 
vivo postvaccination DTH responses to autologous tumor 
in three out of eight patients receiving the highest two doses 
of vaccine. PBLs obtained before vaccination and 28 d after 
the first vaccination were initially analyzed. T2-A3 cells 
pulsed with the two A3 binding epitopes were incubated 
overnight with CD8 + T cell-enriched lymphocytes isolated 
from the peripheral blood of patients 1 1 (an A3 non-DTH 
responder) and 13 (an A3 DTH responder), and analyzed 
using an IFN-7 ELISPOT assay. The ELISPOT assay was 
chosen because it requires relatively few lymphocytes, is 
among the most sensitive in vitro assays for quantitating an- 
tigen-specific T cells, and correlates the number of antigen- 
specific T cells with function (cytokine expression; refer- 
ences 38-40). Induction of mesothelin -specific T cells was 
detected 28 d after vaccination in patient 13, a DTH re- 
sponder, but not in patient 1 1 , a non-DTH responder (Fig. 
2 A). Similarly, postvaccination induction of mesothelin- 
specific CD8 ' T cells was also observed in the two other 
disease-free DTH responders (patient 8 [HLA-A2/A3] and 
patient 14 [HLA-A24]), but not in other non-DTH re- 
sponders when tested with T2-A2/A3 (patient 2) and T2- 
A24 (patient 7) cells pulsed with the A2, A3 (Fig. 2 B), and 
A24 (Fig. 2 C) binding epitopes, respectively. A summary of 
the ELISPOT results evaluating vaccine-induced mesothe- 
lin-specific CD8 + T cell responses for all 14 patients treated 
with one allogeneic vaccination in this analysis is shown in 
Fig. 2 D. This difference in detection of mesothelin-specific 
T cell responses is statistically significant at a P < 0.001 by 
the Fisher exact test. These data suggest that there is a direct 
correlation between observed postvaccination in vivo DTH 
responses to autologous tumor and postvaccination in vivo 
mesothelin-specific CD8 + T cell responses for patients 
treated with an allogeneic vaccine in this paper. Specifically, 
each of the three DTH responders demonstrated a postvac- 
cination induction in CDS ' T cell responses to two differ- 
ent mesothelin peptides that matched their respective HLA 
type, whereas only 1 out of 1 1 DTH nonresponders had an 
increased postvaccination mesothelin-specific CD8 + T cell 
response and only to a single peptide. 

Poor Immune Status Does Not Explain the Failure to Measure 
Vaccine- induced, Mesothelin- specific CD8 * T Cell Responses in 
DTH Nonresponders. The data in Fig. 2 correlate in vivo 
DTH responses to autologous tumor with the postvaccina- 
tion induction of mesothelin-specific CD8 + T cell re- 
sponses. However, it is possible that this correlation repre- 
sents generalized differences in overall immune function 
between the DTH responder and nonresponder patients, 
rather than a vaccine-specific induction of T cell responses 
to mesothelin in the DTH responder patients. To demon- 
strate that the postvaccination induction of mesothelin-spe- 
cific CD8* T cells is tumor antigen specific, we evaluated 
each HLA-A2 + patient for T cell responses to the HLA-A2 
binding influenza matrix peptide. Ml (29). We chose the 
influenza Ml peptide because most patients on the vaccine 
analysis had received yearly influenza vaccines as a standard 
of care before enrollment. As shown in Fig. 3, all HLA- 
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Figure 2. ELISPOT analysis of CD8+ T cells from PBMCs demon- 
strates posrvaccination induction of mesochelm-spcrific T cells in three 
DTH responders. (A) ELISPOT analysis of PBLs from two patients who 
were H LA- A3 1 . (B) ELISPOT analysis of PI3Ls from two patients who 
were HLA-A-2 and HLA-A3 4 . (C) ELISPOT analysis of PBLs from two 
patients who were HLA-A24*. (D) ELISPOT analysis of PBLs from all 
14 patients who were treated with the vaccine (reference 24). ELISPOT 
analysis for IFN-7-expressing cells was perfonned using PBMCs that 
were isolated on the day before vaccination or 28 d after the first vaccina- 
tion. T2-A3 cells were pulsed with the two mesothel in-derived epitopes 
MesoA3 (W _«>, ) (squares), McsoA3 (3 , 5 . 313) (X), and H1V-NEF ( . M ._,„ 2) (not 
shown). T2-A2 cells were pulsed with the two mesothel in-derived 
epitopes MesoA2 (2 i).^) (triangles), McsoA2 (53u .53 8) (circles), and HIV- 
GPSpMB) ( not shown). T2-A24 cells were pulsed with the two mesothclin- 
derived epitopes Mcso A 24(435.4,3) (asterisks), MesoA24 ^4H5) (diamonds), 
and tyrosinase A24 (20tl _ 2H j (not shown). All DTH responders are repre- 
sented by dotted lines and open symbols, and DTH nonrespondcrs are 
represented by solid lines and closed symbols. For the detection of non- 
specific background, the number of IFN-7 spots for CDS 1 T cells spe- 
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Figure 3. ELISPOT analysis of CD8 + T cells from PBMCs demon- 
strates similar pre- and postvaccination responses to the influenza matrix 
protein HLA-A2 binding epitope M1 (GILGFVFTL) in all HLA-A2* 
patients This analysis was perfonned on the same PBL samples described 
in Fig. 2. The DTH responders are represented by dotted lines, and the 
DTH nonrespondcrs are represented by solid lines. For the detection of 
nonspecific background, the number of IFN-"y spots for CDS* T cells 
specific for the irrelevant control peptides were counted. The HLA-A2 
binding HIV-gag protein-derived epitope (SLYNTVATL), the HLA-A3 
binding HIV-NEF protein -de rived epitope (QVPLRPMTYK), and the 
HLA-A24 binding melanoma tyrosinase protein-derived epitope (AFLP- 
WHR.LF) were used as negative control peptides in these assays. Data 
represent the mean of each condition assayed in triplicate, and standard 
deviations were <5%. The number of human IFN-7 spots per 10* CDS ' 
T cells is plotted. Analysis of each patient's PBLs was performed at least 
twice, and all ELISPOT assays were performed in a blinded fashion. 



A2 4 * patients demonstrated similar pre- and postvaccination 
T cell responses to the Ml peptide. Prevaccination re- 
sponses ranged from 19 to 50 IFN-7 spots per 10 5 total 
CD8 T cells, and postvaccination responses remained ap- 
proximately the same in each patient, unaffected by immu- 
nization with the pancreatic tumor vaccine (Fig. 3). A sim- 
ilar analysis confirmed that the HLA-A3 and HLA-A24 
patients have detectable CD8 * T cell responses to influenza 
and EBV peptides (27, 28, 41), respectively, and that these 
responses are unaltered by immunization with the alloge- 
neic pancreatic tumor vaccine (unpublished data). 

In Vivo Cross-priming Explains the Induction of A4e.$othelin- 
specific CD8+ T Cells in Patients Vaccinated with the Allogeneic 
Pancreatic Tumor Vaccine. Vaccine-induced in vivo prim- 
ing of host T cells by allogeneic tumor cells can occur by 
one of two mechanisms. The allogeneic tumor cells might 
directly prime the host's CD8 + T cells if the immunizing 
cells express HLA class I molecules in common with the 
host's HLA type. If not, transfer of the tumor antigen from 
the allogeneic cells to professional APCs would be re- 
quired. Murine studies have already demonstrated that both 



cific for the irrelevant control peptides were counted. The HLA-A2 
binding HIV-gag protein-derived epitope (SLYNTVATL), the HLA- A3 
binding HIV-NEF protein-derived epitope (QVPLRPMTYK), and the 
HLA-A24 binding tyrosinase protein-derived epitope (AFLPWHRLF) 
were used as negative control peptides in these assays. Background was 
minimal to negative control peptides, ranging from zero to three spots total 
(data included in each graph). Data represent the mean of each condition 
assayed in triplicate, and standard deviations were <5%. The number of 
human IFN-7 spots per 10 s CDS'* T cells is plotted. Analysis of each patient's 
PBLs was performed at least twice. 
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Figure 4. Expression of surface mesothclin of both the Pane 6.03 and 
Pane 10.05 vaccine and on cell lines used as targets for CTL assays. Pane 
6.03, Pane 10.05, autologous EBV, autologous EBV transduced with 
mesothclin, Pane 2.5 (HLA-A3 + ), Pane 3.014 (HLA-A3 + ), and Pane 
3.1 1 (HAL-A3~) were analyzed by flow cytometry for their levels of sur- 
face mesothclin using the mcsothelin-specific monoclonal antibody 
CAK1 as the primary antibody and goat anti— mouse IgG1 FITC as the 
secondary antibody. The dotted line represents the isorypc control, and 
the solid line represents mesothclin staining, 

mechanisms can contribute to the induction of systemic 
antitumor immunity (42). However, controversy stilJ re- 
mains as to whether vaccination can result in the induction 
of antigen-specific CD8" T cells via the cross-priming 
mechanism that are efficient enough and in large enough 
quantities to treat actively growing cancer in patients. In 
this paper, we have evaluated the induction of HLA-A lo- 
cus-restricted, mesothelin-specific CD8 + T cells in patients 
who received an allogeneic vaccine that is mismatched at 
the HLA-A locus (Table I), Specifically, we have demon- 
strated the induction of mesothelin-specific CD8 + T cells 
to HLA-A2, A3, and A24 mesothelin-derived peptides in 
patients receiving a mixture of two allogeneic pancreatic 
tumor vaccines. Both of these vaccine lines overexpress 
mesothelin (Fig. 4). However, neither vaccine line ex- 
presses HLA-A2, A3, or A24 (Table I). Therefore, these 
data provide direct evidence at the epitope level that allo- 
geneic vaccine cells can activate CD8 + T cells against shared 
pancreatic tumor antigens, and that these CD8 + T cell re- 
sponses are associated with other measures of in vivo im- 
mune responses. Because the vaccine cells are HLA mis- 
matched with the three DTH responders' at the HLA-A 
locus, CD8 4 * T cell activation must occur by transfer of 
MHC class 1 antigens from the tumor cells to professional 
APCs, where they are processed and presented on MHC 
class I molecules via cross-priming. 



Cross-Priming by Vaccine Recruited APCs Results in the 
Generation of Mesothelin-specific CD8+ T Celb Capable ofLysing 
Mesothelin-expressing Tumor Cells. The most important 
role of vaccine-induced CD8 + T cells in vivo is the ulti- 
mate lysis of antigen-expressing tumors. Currently, the best 
measure of this aspect of CD8 + T cell function is the ability 
of isolated CD8 + T cells to lyse antigen-expressing tumors 
in vitro. In an effort to correlate IFN-7 release with lytic 
activity in response to mesothelin, we analyzed the reactiv- 
ity of a patient-derived T cell line to a panel of HLA-A3* 
and HLA-A3" tumor cell lines in a 4-h chromium release 
assay. The level of mesothelin expression of these tumor 
lines is shown in Fig. 4. Autologous DCs pulsed with the 
HLA -A3 mesothelin peptide 6293 were used to expand 
patient 13 CD8 + mesothelin-specific T cells in vitro. Cy- 
tolytic activity was assessed after three in vitro stimulations 
against HLA-A3 + and HLA- A3" mesothelin-expressing 
target cells. As shown in Fig. 5 A, mesothelin-specific 
CD8 + T cells were able to lyse autologous EBV-trans- 
formed B cells transduced with the mesothelin gene, 
T2-A3 cells pulsed with the HLA-A3 mesothelin peptide 
6293, and an HLA-A3" 1 , mesothelin-expressing allogeneic 
tumor cell line, Pane 3.014. In a second study, lysis of the 
Pane 3.014 line could be blocked by the pan-HLA block- 
ing antibody W6/32, but not by the isotype matched an- 
tibody against S. mansoni (unpublished data). In contrast, 
mesothelin-specific, patient-derived CD8 + T cells did not 
lyse well the mesothelin-expressing HLA- A3" tumor cell 
line Pane 3.11, nor the HLA-A3-expressing, mesothelin- 
negative cell lines Pane 2.5 and the nonmesothelin-express- 
ing autologous EBV-transformed B cells. After repeated in 
vitro stimulation, the T cell line lysed the Pane 3.014 
mesothelin and HLA-A3-expressing line well (which was 
genetically modified to express HLA-A3), but not the orig- 
inal HLA-A3", mesothelin-expressing Pane 3.014 tumor 
cell line (Fig. 5 B). These studies have been repeated six 
times with similar lysis results. These data confirm that an 
allogeneic vaccine can induce mesothelin-specific CD8 + T 
cell responses via the cross-priming mechanism, and that 
these CD8 + T cells are capable of lysing mesothelin- 
expressing cell line. 

Discussion 

These data describing CD8 + T cell responses induced 
by an allogeneic GM-CSF-secreting pancreatic tumor vac- 



Table I. H/J Mismatch with the Vaccine Cells at the. HLA- A Locus Provide Direct Human Evidence for MHC Class I Antigen 
Cross- Priming by APCs 
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Figure 5. A mesothelin-spccific CTL line derived from patient 13 PBL 
lyscs HLA-A3 + , mesothelin-expressing cells. Patient-derived CDS' T 
cells stimulated with an HLA-A3 mesothelin pepride (peptide 6293) were 
tested for their capability to recognize and kill mesothelin-expressing tumor 
and EBV cell lines shown in Fig. 4. sl Cr-labcled target cells (3 X 10 3 ) 
were mixed with varying concentrations of patient 13 CD8 * T cell line 
(starting with 9 X 10 4 ) in a total of 200 uJ in a v-bottom 96-well plate. 
Percent lysis was calculated after 4 h at 37°C. Results are expressed as the 
percentage of specific lysis of triplicate samples. 

cine support the following two conclusions. First, these 
findings provide direct human evidence that allogeneic 
vaccine cells induce CD8 + T cell responses by a cross- 
priming mechanism that requires transfer of antigen from 
the vaccine cells to professional APCs. Second, mesothelin 
is a new candidate pancreatic tumor antigen that can be 
used to analyze immune responses induced by whole cell 
pancreatic tumor vaccines. 

The identification of shared, biologically relevant tumor 
antigens provides the opportunity to study the mechanisms 
by which vaccines induce antitumor immune responses. 
An important result of this paper is the direct demonstra- 
tion of cross-priming at the MHC class I epitope level. 
Controversy still exists as to whether cross-priming is a 
clinically important mechanism for in vivo priming of 
CD8 + T cells (18). Previously published murine studies 
evaluating whole cell vaccines have shown that the profes- 
sional APCs of the host can prime both CD4 + and CD8 + 
T cells, both of which are required for generating systemic 
antitumor immunity (14, 22, 23). Furthermore, Jung et al. 
have previously shown that cross-priming is relevant in 
vivo because depletion of CD11C + DC abrogated effective 
immunization in mice (43). Cross-priming has also been 
shown to play an important role in generating CD8 + T cell 
responses to infectious diseases (44—46). Furthermore, hu- 
man turnor studies have demonstrated that both macro- 



phages and DCs can take up antigens in vitro and prime 
naive CD8 + T cells by the cross-priming mechanism (5, 8, 
11-16, 44-46). However, other studies suggest that the 
mechanism of cross-priming is inefficient at inducing 
CD8* T cell responses in vivo in vaccinated healthy sub- 
jects (47). Several factors may explain the differences in 
results between these studies. First, the efficiency of cross- 
priming in vivo may be influenced by several factors, in- 
cluding the following: the route of A PC exposure to the 
antigen (44), whether the APC is a macrophage or DC (6, 
17, 47), the maturation status of the APCs (48), and the 
form of antigen taken up by the APCs (4, 11). The form of 
the antigen that is presented to the APCs has been of par- 
ticular interest because several recent studies suggest that 
apoptotic tumors are more efficiently processed and pre- 
sented by an APC than necrotic tumor or soluble protein 
(8, 11). Furthermore, we have reported previously that ir- 
radiated GM-CSF-secreting vaccine cells are much more 
efficient at inducing systemic immune responses than unir- 
radiated vaccine cells or vaccine cells that are inactivated by 
nonapoptotic inducing mechanisms (49). In addition, sev- 
eral studies have used the ovalbumin antigen system, which 
is a strong foreign antigen that may be processed and pre- 
sented differently than naturally occurring tumor-associated 
antigens (4, 6). 

The biologic importance of these data in demonstrating 
CDS" 1 " T cell cross-priming is strongly supported by our 
data correlating these responses with in vivo postvaccina- 
tion DTH responses to autologous tumor cells. Until now, 
observed postvaccination DTH responses against autolo- 
gous tumor cells has provided the best evidence in support 
of a vaccine-induced, T cell-mediated antitumor immunity 
in patients treated in clinical trials (24, 50-57). Three re- 
cent papers have linked antibody responses to clinical re- 
sponses in patients receiving a melanoma vaccine (58, 59) 
and a human chorionic gonadotropin-based vaccine (60). 
However, this paper also demonstrates postvaccination in 
vitro antigen-specific T ceU responses that correlate with in 
vivo evidence of immune induction (DTH responses to 
autologous tumor cells). In addition, the use of uncultured 
lymphocytes rather than T cell lines and clones that have 
been in long-term culture demonstrates immune responses 
that are more closely associated with human in vivo T cell 
function. Unfortunately, it is difficult to demonstrate direct 
pancreatic cell killing without several rounds of in vitro 
CD8 + T cell expansion. However, after three rounds of 
stimulation with autologous DCs pulsed with the A3 me- 
sothelin peptide, these T cells can lyse a pancreatic tumor 
line and other mesothelin-expressing cell lines, providing 
evidence that mesothelin can serve as a tumor rejection tar- 
get of T cells. Only a small panel of tumor lines were tested 
due to the significant challenge in generating in vitro pan- 
creatic tumor lines, including the three DTH responder 
patients. However, the fact that the T cells lyse mesothelin- 
expressing HLA-A3 + tumor cells, but not mesothelin- 
expressing HLA-A3~ lines, demonstrates the mesothelin 
and HLA-restricted specificity of the T cell activity. 
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In this paper, we also demonstrate that mesothelin-spe- 
citic T celJs can be induced against at least six different pep- 
tides presented by three different HLA-A locus alleles. T 
cell responses determined by ELISPOT were comparable 
for each of the epitopes. This finding provides further sup- 
port that mesothelin can serve as a shared antigen. This 
finding also provides further evidence that cross-priming is 
an efficient mechanism for antigen processing and presenta- 
tion onto MHC class I. It is interesting to point out that the 
highest-ranking antigenic epitopes predicted to be the best 
HLA-A allele binding epitopes based on their motif, bound 
to their respective HLA alleles and were also recognized by 
mesothelin-specific T cells. Papers analyzing other tumor 
antigens have found that the highest ranking epitopes do 
not necessarily correlate with optimal recognition by T 
cells (35). We also performed the computer algorithms on 
two melanoma antigens, tyrosinase and MAGE 1, to deter- 
mine how their published HLA-A2 binding peptides rank 
by this method (61, 62). We found that our HLA-A2 bind- 
ing mesothelin epitopes were given similar scores as the 
known tyrosinase and MAGE 1 HLA-A2 binding epitopes. 
This was also true for the published HLA-A2 HIV-gag and 
HLA-A3 HIV-NEF epitopes that were used as control an- 
tigens in our analyses (30, 31). Choosing epitopes that rank 
high by both algorithms appears to be an important predic- 
tor of the probability of binding to the respective HLA 
molecule. However, the likelihood of successfully predict- 
ing HLA binding epitopes will probably be determined in 
part by the antigen being studied. Studies aimed at address- 
ing this question are underway. 

In conclusion, we have direcdy demonstrated cross- 
priming at the MHC class I epitope level. These studies 
were facilitated through the development of a functional 
genomic approach that identified mesothelin as a new can- 
didate pancreatic tumor antigen recognized by CD8 + T 
cells. The correlation of in vitro T cell responses with in 
vivo measures of immunologic response validates the bio- 
logic importance of this approach. Because we detected ev- 
idence for cross presentation in the three patients with a 
better clinical course, we suspect that cross-presentation 
may have clinical relevance, but larger studies are required 
to investigate this. 
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BIOLOGICAL THERAPEUTIC AGENTS 
Immunological Targets 

C28 A Safety and Efficacy Trial of Lethally Irradiated Allogeneic Pancreatic 

Tumor Cells Transfected with the GM-CSF Gene in Combination 

with Adjuvant Chemoradiotherapy for the Treatment of Adenocarcinoma 

of the Pancreas. Dan Laheru,l Charles Yeo,l Barb Biedrzycki,l Beth Onners 5 l 

Irena Tartakovsky,l Sara Solt,l Ralph Hruban,l Keith Lillemoe,2 John Cameron, 1 

Ross Abrams,3 Elizabeth Garrett-Mayer,l Elizabeth Jaffee.l Sidney Kimmel 

Comprehensive 

Cancer Ctr.,1 Baltimore, MD, Indiana University School of Medicine,2 

Indianapolis, Indiana, Rush University School of Medicine,3 Chicago, Illinois. 

Background: Pancreatic cancer remains the fourth leading cause of cancer related 

deaths in the US in 2005 1 . Surgical resection provides the only possibility 

of cure. However, the historical five-year survival remains approximately 15-20% 

with one and two year survival of 63% and 42% respectively 2. Recently the Virginia 

Mason Medical Center published a study of 53 patients with resected pancreas 

cancer treated with 5-Fluorouracil (5-FU) administered continuous infiision 

(CI) with weekly cisplatin and every other day interferon-alpha with radiotherapy. 

The clinical efficacy is encouraging but with significant treatment-related side effects 

3. In contrast, a randomized European trial in patients with resected pancreatic 

cancer demonstrated a survival benefit in the chemotherapy alone arm 4. As 

such, a standard adjuvant treatment approach for patients with resected disease 

has not yet been determined. We have developed an irradiated GM-CSF transfected 

allogeneic whole cell line pancreas adenocarcinoma vaccine and previously 

reported the results of this vaccine administered intradermally (ID) in sequence with 

chemoradiotherapy in 14 patients with resected pancreatic adenocarcinoma 5. We 

report a follow-up 60 patient study in this same population using the highest bioactive 

vaccine dose identified in the initial phase I study. Methods: Single institution 

phase II study of 60 patients with resected pancreatic adenocarcinoma administered 

a total of 5 vaccines using two pancreatic cancer cell lines each delivering 

2.5 X 10 8 cells ID. Vaccine one was administered 8-10 weeks following surgical 

resection. Patients subsequently were treated with 5-FU CI based chemotherapy 

integrated with radiotherapy. Patients who were disease-free one month after 

completion of chemoradiotherapy received vaccines 2-4, each 1 month apart. A 

fifth and final booster vaccine was administered 6 months after vaccine 4. The objectives 

of the study were: 1 .To estimate overall survival and disease-free survival 

in patients with minimal residual disease treated with adjuvant chemoradiotherapy 

in sequence with the irradiated allogeneic GM-CSF transfected pancreatic tumor 

cell lines versus chemoradiotherapy alone. 2. To estimate the association of specific 

in -vivo parameters of immune response with clinical responses in patients with 



minimal residual disease treated with combination chemoradiotherapy together 
with the irradiated allogeneic GM-CSF transfected pancreatic tumor cell lines. The 
specific immune parameters include: post- vaccination delayed type hypersensitivity 
reactions to autologous tumor, the degree of local eosinophil, macrophage, and 
T cell infiltration at the vaccine site, and mesothelin-specific T cell responses. 3. To 
further identify and characterize toxicities associated with intradermal injections of 
the vaccine that were initially reported in the phase 1 trial. Results/Conclusions: 
The study completed enrollment of new patients in January 2005. At this early 
analysis, 56 patients are evaluable at one year and 36 patients are evaluable at two 
years. Median follow-up for these patients is approximately 32 months. 1. The 
administration of a GM-CSF allogeneic pancreas cancer vaccine is safe and well 
tolerated. Treatment related side effects included transient vaccine injection site 
reactions. 2. Systemic GM-CSF levels were evaluated as an indirect measure of the 
longevity of vaccine cells at the immunizing site. As was observed in the phase I 
study, GM-CSF levels peaked at 48 hours following the 1st and 2nd vaccination, 
but peaked earlier following the 3rd and 4th vaccination with diminuation in amplitude. 
Serum GM-CSF levels following vaccine 5 peaked again at 48 hours but 
returned to vaccine 1 serum levels. 3. At this early analysis, the one and two year 
survival are 88% and 76% respectively. While the data is only preliminary, this 
study compares very favorably with the available published data. 4. Immune correlates 
will be presented at a future date. 
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Assessing prognosis in metastatic pancreatic cancer by the 
serum tumor marker CA 19-9: pretreatment levels or kinetics 
during chemotherapy? 



Boeck S , Schulz C , Stieber P . Holdenrieder S , Weckbach 
S, Heinemann V . 

Department of Internal Medicine III, Klinikum Grosshadern, Ludwig 
Maximilians University of Munich, Germany. Stefan, boeck@med.uni- 
muenchen.de 

BACKGROUND: The carbohydrate antigen 19-9 (CA 19-9) is 
currently the most widely used serum tumor marker in 
pancreatic cancer (PC). CA 19-9 pretreatment levels as well 
as CA 19-9 kinetics during systemic chemotherapy can 
provide prognostic information regarding survival of patients 
with metastatic PC. CASE REPORTS: We report the clinical 
course of 2 patients with metastatic PC who underwent 
palliative chemotherapy with gemcitabine. Both patients 
showed a significant elevation of pretreatment CA 19-9 levels 
(7,505 and 150,000 U/ml, respectively), however, 
subsequently they experienced a highly significant reduction 
(>90%) of CA 19-9 kinetics under gemcitabine 
chemotherapy. A good disease control and a clinical benefit 
response were achieved in both patients. Time to tumor 
progression was 30 weeks and 28 weeks, overall survival 14 
months and 11 months, respectively. CONCLUSION: These 
data indicate that CA 19-9 kinetics under chemotherapy may 
possibly serve as a useful surrogate marker for time to tumor 
progression and survival in advanced PC. 

PMID: 17264524 [PubMed - indexed for MEDLINE] 
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(57) ABSTRACT 

The present invention provides recombinant nucleic acid 
molecules, expression cassettes, and vectors useful for 
expression of polypeptides, including heterologous polypep- 
tides, such as antigens, in bacteria. Some of the recombinant 
nucleic acid molecules, expression cassettes and vectors 
comprise codon -optimized sequences encoding the polypep- 
tides and/or signal peptides. Some of the recombinant 
nucleic acid molecules, expression cassettes, and expression 
vectors comprise sequences encoding non-Listerial and/or 
non-secAl signal peptides for secretion of the polypeptides. 
The invention also provides bacteria comprising the nucleic 
acid molecules, expression cassettes, and expression vec- 
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the bacteria. Methods of making and using the bacteria, 
recombinant nucleic acid molecules, and expression cas- 
settes are also provided. 
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Construct: LLOss-PEST-hEphA2 

Native LLO signal peptide + PEST fused to full-length human EphA2 
Not Codon optimized 

No epitope tags (e.g., myc or FLAG used in this construct) 
Fusion protein coding sequence shown 

ATGAAAAAAATAATGCTAGTTTTTATTACACTITATA 

GCAAAGGATGCATCTGCATTCAATAAAGAAAATTCAATTTCATCCATGGCACCACCAGCATCTCCGCC 

TGCAAGTCCTAAGACGCCAATCGAAAAGAAACACGCGGATCTCGAGCTCCAGGCAGCCCGCGCCTGC 

TTCGCCCTGCTGTGGGGCTGTGCGCTGGCCGCGGCCGCGGCGGCGCAGGGCAAGGAAGTGGTACTGCT 

GGACTTTGCTGCAGCTGGAGGGGAGCTCGGCTGGCTCACACACCCGTATGGCAAAGGGTGGGACCTG 

ATGCAGAACATCATGAATGACATGCCGATCTACATGTACTCCGTGTGCAACGTGATGTCTGGCGACCA 

GGACAACTGGCTCCGCACCAACTGGGTGTACCGAGGAGAGGCTGAGCGTATCTTCATTGAGCTCAAGT 

TTACTGTACGTGACTGCAACAGCnTCCCTGGTGGCGCCAGCT 

ATGCCGAGTCGGACCTGGAC'IACGGGACCAACriCCAGAAGCGCCTGTTCACCAAGATTGACACCATT 

GCGCCCGATGAGATCACCGTCAGCAGCGACTTCGAGGCACGCCACGTGAAGCTGAACGTGGAGGAGC 

GCTCCGTGGGGCCGCTCACCCGCAAAGGCTTCTACCTGGCCTTCCAGGATATCGGTGCCTGTGTGGCG 

CTGCTCTCCGTCCGTGTCTACTACAAGAAGTGCCCCGAGCTGCTGCAGGGCCTGGCCCACTTCCCTGAG 

ACCATCGCCGGCTCTGATGCACCTTCCCTGGCCACTGTGGCCGGCACCTGTGTGGACCATGCCGTGGTG 

CCACCGGGGGGTGAAGAGCCCCGTATGCACTGTGCAGTGGATGGCGAGTGGCTGGTGCCCATTGGGC 

AGTGCCTGTGCCAGGCAGGCTACGAGAAGGTGGAGGATGCCTGCCAGGCCTGCTCGCCTGGATTTTTT 

AAGTTTGAGGCATCTGAGAGCCCCTGCTTGGAGTGCCCTGAGCACACGCTGCCATCCCCTGAGGGTGC 

CACCTCCTGCGAGTGTGAGGAAGGCTTCTTCCGGGCACCTCAGGACCCAGCGTCGATGCCTTGCACAC 

GACCCCCCTCCGCCCCACACTACCTCACAGCCGTGGGCATGGGTGCCAAGGTGGAGCTGCGCTGGACG 

CCCCCTCAGGACAGCGGGGGCCGCGAGGACATTGTCTACAGCGTCACCTGCGAACAGTGCTGGCCCGA 

GTCTGGGGAATGCGGGCCGTGTGAGGCCAGTGTGCGCTACTCGGAGCCTCCTCACGGACTGACCCGCA 

CCAGTGTGACAGTGAGCGACCTGGAGCCCCACATGAACTACACCTTCACCGTGGAGGCCCGCAATGGC 

GTCTCAGGCCTGGTAACCAGCCGCAGCTTCCGTACTGCCAGTGTCAGCATCAACCAGACAGAGCCCCC 

CAAGGTGAGGCTGGAGGGCCGCAGCACCACCTCGCTTAGCGTCTCCTGGAGCATCCCCCCGCCGCAGC 

AGAGCCGAGTGTGGAAGTACGAGGTCACTTACCGCAAGAAGGGAGACTCCAACAGCTACAATGTGCG 

CCGCACCGAGGGTTT.CTCCGTGACCCTGGACGACCTGGCCCCAGACACCACCTACCTGGTCCAGGTGC 

AGGCACTGACGCAGGAGGGCCAGGGGGCCGGCAGCAGGGTGCACGAATTCCAGACGCTGTCCCCGGA 

GGGATCTGGCAACTTGGCGGTGATTGGCGGCGTGGCTGTCGGTGTGGTCCTGCTTCTGGTGCTGGCAG 

GAGTTGGCTTCTTTATCCACCGCAGGAGGAAGAACCAGCGTGCCCGCCAGTCCCCGGAGGACGTTTAC 

Tl'Cl'CCAAGTCAGAACAACTGAAGCCCCTGAAGACATACGTGGACCCCCACACATATGAGGACCCCAA 

CCAGGCTGTGTTGAAGTTCACTACCGAGATCCATCCATCCTGTGTCACTCGGCAGAAGGTGATCGGAG 

CAGGAGAGTTTGGGGAGGTGTACAAGGGCATGCTGAAGACATCCTCGGGGAAGAAGGAGGTGCCGGT 

GGCCATCAAGACGCTGAAAGCCGGCTACACAGAGAAGCAGCGAGTGGACTTCCTCGGCGAGGCCGGC 

ATCATGGGCCAGTTCAGCCACCACAACATCATCCGCCI'AGAGGGCGTCATCrCCAAATACAAGCCCAT 

GATGATCATCACTGAGTACATGGAGAATGGGGCCCTGGACAAGTTCCTTCGGGAGAAGGATGGCGAG 

TTCAGCGTGCTGCAGCTGGTGGGCATGCTGCGGGGCATCGCAGCTGGCATGAAGTACCTGGCCAACAT 

GAACTATGTGCACCGTGACCTGGCTGCCCGCAACATCCTCGTCAACAGCAACCTGGTCTGCAAGGTGT 

CTGACTTTGGCCTGTCCCGCGTGCTGGAGGACGACCCCGAGGCCACCTACACCACCAGTGGCGGCAAG 

ATCCCCATCCGCTGGACCGCCCCGGAGGCCATTTCCTACCGGAAGTTCACCTCTGCCAGCGACGTGTG 

GAGCTTTGGCATTGTCATGTGGGAGGTGATGACCTATGGCGAGCGGCCCTACTGGGAGTTGTCCAACC 

ACGAGGTGATGAAAGCCATCAATGATGGCITCCGGCTCCCCACACCCATGGACTGCCCCTCCGCCATC 

TACCAGCTCATGATGCAGTGCTGGCAGCAGGAGCGTGCCCGCCGCCCCAAGTTCGCTGACATCGTCAG 

CATCCTGGACAAGCTCATTCGTGCCCCTGACTCCCTCAAGACCCTGGCTGACTTTGACCCCCGCGTGTC 

TATCCGGCTCCCCAGCACGAGCGGCTCGGAGGGGGTGCCCTTCCGCACGGTGTCCGAGTGGCTGGAGT 

CCATCAAGATGCAGCAGTATACGGAGCACTTCATGGCGGCCGGCTACACTGCCATCGAGAAGGTGGTG 

CAGATGACCAACGACGACATCAAGAGGATTGGGGTGCGGCTGCCCGGCCACCAGAAGCGCATCGCCT 

ACAGCCTGCTGGGACTCAAGGACCAGGTGAACACTGTGGGGATCCCCATC 
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Construct: LLOss-PEST-hEphA2 

Native LLO signal peptide + PEST fused to full-length human EphA2 
Not Codon optimized 

No epitope tags (e.g., myc or FLAG used in this construct) 
Predicted fusion protein shown 

MKKIMLVFITLILVSLPIAQQTEAKDASAFNKEN 

SISSMAPPASPPASPKTPIEKKHADLELQAARAC 

FALLWGCALAAAAAAQGKEVVLLDFAAAGGELG 

WLTHPYGKGWDLMQNIMNDMPIYMYSVCNVMS 

GDQDNWLRTNWVYRGEAERIFIELKFTVRDCNSF 

PGGASSCKETFNLYYAESDLDYGTNFQKRLFTKI 

DTIAPDEITVSSD. FEARHVKLNVEERSVGPLTRK 

GEYLAFQDIGACVALLSVRVYYKKCPELLQGLA 

HFPETIAGSDAPSLATVAGTCVDHAVVPPGGEEP 

RMHCAVDGEWLVPIGQCLCQAGYEKVEDACQAC 

SPGFFKFEASESPCLECPEHTLPSPEGATSCECEE 

GFFRAPQDPASMPCTRPPSAPHYLTAVGMGAKV 

ELRWTPPQDSGGREDIVYSVTCEQCWPESGECGP 

CEASVRYSEPPHGLTRTSVTVSDLEPHMNYTFTV 

EARNGVSGLVTSRSFRTASVSINQTEPPKVRLEG 

RSTTSLSVSWSIPPPQQSRVWKYEVTYRKKGDSN 

SYNVRRTEGFSVTLDDLAPDTTYLVQVQALTQE 

GQGAGSRVHEFQTL S P EGSGNLAVIGGVAVGVV 

LLLVLAGVGFFIHRRRKNQRARQSPEDVYFSKSE 

QLKPLKTYVDPHTYEDPNQAVLKFTTEIHPSCVT 

R-QKVIGAGEFGEVYKGMLKTSSGKKEVPVAIKTL 

KAGYTEKQRVDFLGEAGIMGQFSHHNIIRLEGV1 

SKYKPMMIITEYMENGALDKFLREKDGEFSVLQL 

VGMLRGIAAGMKYLANMNYVHRDLAARNILVNS 

NLVCKVSDFGLSRVLEDDPEATYTTSGGKIP1RW 

TAPEAISYRKFTSASDVWSFGIVMWEVMTYGERP 

YWELSNHEVMKAINDGFRLPTPMDCPSAIYQLM 

MQCWQQERARRPKFADIVSILDKLIRAPDSLKTL 

ADFDPRVSIRLPSTSGSEGVPFRTVSEWLESIKM 

QQYTEHFMAAGYTAIEKVVQMTNDDIKRIGVRL 

PGHQKRIAYSLLGLKDQVNTVGIPI 
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EphA2 EX2 domain 
Native nucleotide sequence 

CAGGGCAAGGAAGTGGTACTGCTGGACTTTGCTGCAGCTGGAGGGGAGCTCGGCTG 

GCTCACACACCCGTATGGCAAAGGGTGGGACCTGATGCAGAACATCATGAATGACA 

TGCCGATCTACATGTACTCCGTGTGCAACGTGATGTCTGGCGACCAGGACAACTGGC 

TCCGCACCAACTGGGTGTACCGAGGAGAGGCTGAGCGTATCTTCATTGAGCTCAAGT 

TTACTGTACGTGACTGCAACAGCTTCCCTGGTGGCGCCAGCTCCTGCAAGGAGACTT 

TCAACCTCTACTATGCCGAGTCGGACCTGGACTACGGCACCAACTTCCAGAAGCGCC 

TGTTCACCAAGATTGACACCATTGCGCCCGATGAGATCACCGTCAGCAGCGACTTCG 

AGGCACGCCACGTGAAGCTGAACGTGGAGGAGCGCTCCGTGGGGCCGCTCACCCGC 

AAAGGCTTCTACCTGGCCTTCCAGGATATCGGTGCCTGTGTGGCGCTGCTCTCCGTC 

CGTGTCTACTACAAGAAGTGCCCCGAGCTGCTGCAGGGCCTGGCCCACTTCCCTGAG 

ACCATCGCCGGCTCTGATGCACCTTCCCTGGCCACTGTGGCCGGCACCTGTGTGGAC 

CATGCCGTGGTGCCACCGGGGGGTGAAGAGCCCCGTATGCACTGTGCAGTGGATGG 

CGAGTGGCTGGTGCCCATTGGGCAGTGCCTGTGCCAGGCAGGCTACGAGAAGGTGG 

AGGATGCCTGCCAGGCCTGCTCGCCTGGATTTTTTAAGTTTGAGGCATCTGAGAGCC 

CCTGCTTGGAGTGCCCTGAGCACACGCTGCCATCCCCTGAGGGTGCCACCTCCTGCG 

AGTGTGAGGAAGGCTTCTTCCGGGCACCTCAGGACCCAGCGTCGATGCCTTGCACAC 

GACCCCCCTCCGCCCCACACTACCTCACAGCCGTGGGCATGGGTGCCAAGGTGGAG 

CTGCGCTGGACGCCCCCTCAGGACAGCGGGGGCCGCGAGGACATTGTCTACAGCGT 

CACCTGCGAACAGTGCTGGCCCGAGTCTGGGGAATGCGGGCCGTGTGAGGCCAGTG 

TGCGCTACTCGGAGCCTCCTCACGGACTGACCCGCACCAGTGTGACAGTGAGCGAC 

CTGGAGCCCCACATGAACTACACCTTCACCGTGGAGGCCCGCAATGGCGTCTCAGG 

CCTGGTAACCAGCCGCAGCTTCCGTACTGCCAGTGTCAGCATCAACCAGACAGAGC 

CCCCCAAGGTGAGGCTGGAGGGCCGCAGCACCACCTCGCTTAGCGTCTCCTGGAGC 

ATCCCCCCGCCGCAGCAGAGCCGAGTGTGGAAGTACGAGGTCACTTACCGCAAGAA 

GGGAGACTCCAACAGCTACAATGTGCGCCGCACCGAGGGTTTCTCCGTGACCCTGG 

ACGACCTGGCCCCAGACACCACCTACCTGGTCCAGGTGCAGGCACTGACGCAGGAG 

GGCCAGGGGGCCGGCAGCAGGGTGCACGAATTCCAGACG 
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EphA2 EX2 domain 

Nucleotide sequence for optimal codon usage in Listeria 

CAAGGTAAAGAAGTTGTTTTATTAGATTTTGCAGCAGCAGGTGGTGAATTAGGTTGG 
TTAACACATCCATATGGTAAAGGTTGGGATTTAATGCAAAATATTATGAATGATATG 
CCAATTTATATGTATAGTGTTTGTAATGTTATGAGTGGTGATCAAGATAATTGGTTAC 
GTACAAATTGGGTTTATCGTGGTGAAGCAGAACGTAT 

CAGTTCGTGATTGTAATAGTTTTCCAGGTGGTGCAAGTAGTTGTAAAGAAACATTTA 

ATTTATATTATGCAGAAAGTGATTTAGATTATGGTACAAATTTTCAAAAACGTTTATT 

TACAAAAATTGATACAATTGCACCAGATGAAATTACAGTTAGTAGTGATTTTGAAGC 

ACGTCATGTTAAATTAAATGTTGAAGAACGTAGTGTTGGTCCATTAACACGTAAAGG 

TTTTTATTTAGCATTTCAAGATATTGGTGCATGTGTTGCATTATTAAGTGTTCGTGTTT 

ATTATAAAAAATGTCCAGAATTATTACAAGGTTTAGCACATTTTCCAGAAACAATTG 

CAGGTAGTGATGCACCAAGTTTAGCAACAGTTGCAGGTACATGTGTTGATCATGCAG 

TTGTTCCACCAGGTGGTGAAGAACCACGTATGCATTGTGCAGTTGATGGTGAATGGT 

TAGTTCCAATTGGTCAATGTTTATGTCAAGCAGGTTATGAAAAAGTTGAAGATGCAT 

GTCAAGCATGTAGTCCAGGTTTTTTTAAATTTGAAGCAAGTGAAAGTCCATGTTTAG 

AATGTCCAGAACATACATTACCAAGTCCAGAAGGTGCAACAAGTTGTGAATGTGAA 

GAAGGTTTTTTTCGTGCACCACAAGATCCAGCAAGTATGCCATGTACACGTCCACCA 

AGTGCACCACATTATTTAACAGCAGTTGGTATGGGTGCAAAAGTTGAATTACGTTGG 

ACACCACCACAAGATAGTGGTGGTCGTGAAGATATTGTTTATAGTGTTACATGTGAA 

CAATGTTGGCCAGAAAGTGGTGAATGTGGTCCATGTGAAGCAAGTGTTCGTTATAGT 

GAACCACCACATGGTTTAACACGTACAAGTGTTACAGTTAGTGATTTAGAACCACAT 

ATGAATTATACATTTACAGTTGAAGCACGTAATGGTGlTAGTGGTTTAGlTACAAGT 

CGTAGTTTTCGTACAGCAAGTGTTAGTATTAATCAAACAGAACCACCAAAAGTTCGT 

TTAGAAGGTCGTAGTACAACAAGTTTAAGTGTTAGTTGGAGTATTCCACCACCACAA 

CAAAGTCGTGTTTGGAAATATGAAGTTACATATCGTAAAAAAGGTGATAGTAATAG 

TTATAATGTTCGTCGTACAGAAGGTTTTAGTGTTACATTAGATGATTTAGCACCAGA 

TACAACATATTTAGTTCAAGTTCAAGCATTAACACAAGAAGGTCAAGGTGCAGGTA 

GTCGTGTTCATGAATTTCAAACA 



FIGURE 5 



Patent Application Publication Nov. 10, 2005 Sheet 6 of 71 US 2005/0249748 Al 



EphA2 EX2 domain 

Primary Amino Acid Sequence 

QGKEVVLLDFAAAGGELGWLTHPYGKGWDLMQ 

N1MNDMPIYMYSVCNVMSGDQDNWLRTNWVYR 

GEAERIFIELKFTVRDCNSFPGGASSCKETFNLY 

YAESDLDYGTNFQKRLFTKIDTIAPDEITVSSDFE 

ARHVKLNVEERSVGPLTRKGFYLAFQDIGACVA 

LLSVRVYYKKCPELLQGLAHFPETIAGSDAPSLA 

TVAGTCVDHAVVPPGGEEPRMHCAVDGEWLVPI 

GQCLCQAGYEKVEDACQACSPGFFKFEASESPCL 

ECPEHTLPSPEGATSCECEEGFFRAPQDPASMPC 

TRPPSAPHYLTAVGMGAKVELRWTPPQDSGGRE 

DTVYSVTCEQCWPESG EC GPCEASVRYSEPPHGL 

TRTSVTVSDLEPHMNYTFTVEARNGVSGLVTSRS 

FRTASVSINQTEPPKVRLEGRSTTSLSVSWSIPPP 

QQSRVWKYEVTYRKKGDSNSYNVRRTEGFSVTL 

DDLAPDTTYLVQVQALTQEGQGAGSRVHEFQT 
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Construct: LLOss-PEST-EX2_hEphA2 

Native LLO signal peptide + PEST fused to external domain of human EphA2 
Not Codon optimized 

No epitope tags (e.g., myc or FLAG used in this construct) 
Fusion protein coding sequence shown 

ATGAAAAAAATAATGCTAGTTTTTATTACACTTATATTAGTTAGTCTACCAATTGCGC 

AACAAACTGAAGCAAAGGATGCATCTGCATTCAATAAAGAAAATTCAATTTCATCC 

ATGGCACCACCAGCATCTCCGCCTGCAAGTCCTAAGACGCCAATCGAAAAGAAACA 

CGCGGATCTCGAGCAGGGCAAGGAAGTGGTACTGCTGGACTTTGCTGCAGCTGGAG 

GGGAGCTCGGCTGGCTCACACACCCGTATGGCAAAGGGTGGGACCTGATGCAGAAC 

ATCATGAATGACATGCCGATCTACATGTACTCCGTGTGCAACGTGATGTCTGGCGAC 

CAGGACAACTGGCTCCGCACCAACTGGGTGTACCGAGGAGAGGCTGAGCGTATCTT 

GATTGAGCTCAAGTTTACTGTACGTGACTGCAACAGCTTCCCTGGTGGCGCCAGCTC 

CTGCAAGGAGACTTTCAACCTCTACTATGCCGAGTCGGACCTGGACTACGGCACCAA 

CTTCCAGAAGCGCCTGTTCACCAAGATTGACACCATTGCGCCCGATGAGATCACCGT 

CAGCAGCGACTTCGAGGCACGCCACGTGAAGCTGAACGTGGAGGAGCGCTCCGTGG 

GGCCGCTCACCCGCAAAGGCTrCTACCTGGCCTTCCAGGATATCGGTGCCTGTGTGG 

CGCTGCTCTCCGTCCGTGTCTACTACAAGAAGTGCCCCGAGCTGCTGCAGGGCCTGG 

CCCACTTCCCTGAGACCATCGCCGGCTCTGATGCACCTTCCCTGGCCACTGTGGCCG 

GCACCTGTGTGGACCATGCCGTGGTGCCACCGGGGGGTGAAGAGCCCCGTATGCAC 

TGTGCAGTGGATGGCGAGTGGCTGGTGCCCATTGGGCAGTGCCTGTGCCAGGCAGG 

CTACGAGAAGGTGGAGGATGCCTGCCAGGCCTGCTCGCCTGGATTTTTTAAGTTTGA 

GGCATCTGAGAGCCCCTGCTTGGAGTGCCCTGAGCACACGCTGCCATCCCCTGAGGG 

TGCCACCTCCTGCGAGTGTGAGGAAGGCTTCTTCCGGGCACCTCAGGACCCAGCGTC 

GATGCCTTGCACACGACCCCCCTCCGCCCCACACTACCTCACAGCCGTGGGCATGGG 

TGCCAAGGTGGAGCTGCGCTGGACGCCCCCTCAGGACAGCGGGGGCCGCGAGGACA 

TTGTCTACAGCGTCACCTGCGAACAGTGCTGGCCCGAGTCTGGGGAATGCGGGCCGT 

GTGAGGCCAGTGTGCGCTACTCGGAGCCTCCTCACGGACTGACCCGCACCAGTGTG 

ACAGTGAGCGACCTGGAGCCCCACATGAACTACACCTTCACCGTGGAGGCCCGCAA 

TGGCGTCTCAGGCCTGGTAACCAGCCGCAGC1TCCGTACTGCCAGTGTCAGCATCAA 

CCAGACAGAGCCCCCCAAGGTGAGGCTGGAGGGCCGCAGCACCACCTCGCTTAGCG 

TCTCCTGGAGCATCCCCCCGCCGCAGCAGAGCCGAGTGTGGAAGTACGAGGTCACT 

TACCGCAAGAAGGGAGACTCCAACAGCTACAATGTGCGCCGCACCGAGGGTTTCTC 

CGTGACCCTGGACGACCTGGCCCCAGACACCACCTACCTGGTCCAGGTGCAGGCAC 

TGACGCAGGAGGGCCAGGGGGCCGGCAGCAGGGTGCACGAATTCCAGACG 
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Construct: LLOss-PEST-EX2_hEphA2 

Native LLO signal peptide + PEST fused to external domain of human EphA2 
Not Codon optimized 

No epitope tags (e.g., myc or FLAG used in this construct) 
Predicted fusion protein shown 

MKK1MLVF1TL1LVSLPIAQQTEAKDASAFNKEN 

SISSMAPPASPPASPKTPIEKKHADLEQGKEVVL 

LDFAAAGGELGWLTHPYGKGWDLMQNIMNDMPI 

YMYSVCNVMSGDQDNWLRTNWVYRGEAERIFIE 

LKFTVRDCNSFPGGASSCKETFNLYYAESDLDYG 

TNFQKRLFTKTDTTAPDETTVSSDFEARHVKLNVE 

ERSVGPLTRKGFYLAFQDIGACVALLSVRVYYKK 

CPELLQGLAHFPETIAGSDAPSLATVAGTCVDHA 

VVPPGGEEPRMHCAVDGEWLVPIGQCLCQAGYE 

KVEDACQACSPGFFKFEASESPCLECPEHTLPSP 

EGATSCECEEGFFRAPQDPASMPCTRPPSAPHYL 

TAVGMGAKVELRWTPPQDSGGREDIVYSVTCEQ 

CWPESGECGPCEASVRYSEPPHGLTRTSVTVSDL 

EPHMNYTFTVEARNGVSGLVTSRSFRTASVSINQ 

TEPPKVRLEGRSTTSLSVSWS1PPPQQSRVWKYE 

VTYRKKGDSNSYNVRRTEGFSVTLDDLAPDTTY 

LVQVQALTQEGQGAGSRVHEFQT 
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NativeLLOss-PEST-FLAG-EX2_EphA2-myc-CodonOp 

(Native L. monocytogenes LLO signal peptide + PEST-Codon optimized -FLAG-EX-2 EphA2- 
Myc) 

Nucleotide Sequence (including hly promoter) 

GGTACCTCCTTTGATTAGTATATTCCTATCTTAAAGTTACTTTTATGTGGAGGCATTA 

ACATTTGTTAATGACGTCAAAAGGATAGCAAGACTAGAATAAAGCTATAAAGCAAG 

CATATAATATTGCGTTTCATCTTTAGAAGCGAATTTCGCCAATATTATAATTATCAAA 

AGAGAGGGGTGGCAAACGGTATTTGGCATTATTAGGTTAAAAAATGTAGAAGGAGA 

GTGAAACCCATGAAAAAAATAATGCTAGTTTTTATTACACTTATATTAGTTA 

CCAATTGCGCAACAAACTGAAGCAAAGGATGCATCTGCATTCAATAAAGAAAATTC 

AATTTCATCCATGGCACCACCAGCATCTCCGCCTGCAAGTCCTAAGACGCCAATCGA 

AAAGAAACACGCGGATGGATCCGATTATAAAGATGATGATGATAAACAAGGTAAAG 

AAGTTGTTTTATTAGATTTTGCAGCAGCAGGTGGTGAATTAGGTTGGTTAACACATC 

CATATGGTAAAGGTTGGGATTTAATGCAAAATATTATGAATGATATGCCAATTTATA 

TGTATAGTGTTTGTAATGTTATGAGTGGTGATCAAGATAATTGGTTACGTACAAATT 

GGGTTTATCGTGGTGAAGCAGAACGTATTTTTATTGAATTAAAATTTACAGTTCGTG 

ATTGTAATAGTTTTCCAGGTGGTGCAAGTAGTTGTAAAGAAACATTTAATTTATATT 

ATGCAGAAAGTGATTTAGATTATGGTACAAATTTTCAAAAACGTTTATTTACAAAAA 

TTGATACAATTGCACCAGATGAAATTACAGTTAGTAGTGATTTTGAAGCACGTCATG 

TTAAATTAAATGTTGAAGAACGTAGTGTTGGTCCATTAACACGTAAAGGTTTTTATT 

TAGCATTTCAAGATATTGGTGCATGTGTTGCATTATTAAGTGTTCGTGTTTATTATAA 

AAAATGTCCAGAATTATTACAAGGTTTAGCACATTTTCCAGAAACAATTGCAGGTAG 

TGATGCACCAAGTTTAGCAACAGTTGCAGGTACATGTGTTGATCATGCAGTTGTTCC 

ACCAGGTGGTGAAGAACCACGTATGCATTGTGCAGTTGATGGTGAATGGTTAGTTCC 

AATTGGTCAATGTTTATGTCAAGCAGGTTATGAAAAAGTTGAAGATGCATGTCAAGC 

ATGTAGTCCAGGTTTTTTTAAATTTGAAGCAAGTGAAAGTCCATGTTTAGAATGTCC 

AGAACATACATTACCAAGTCCAGAAGGTGCAACAAGTTGTGAATGTGAAGAAGGTT 

TTTTTCGTGCACCACAAGATCCAGCAAGTATGCCATGTACACGTCCACCAAGTGCAC 

CACATTATTTAACAGCAGTTGGTATGGGTGCAAAAGTTGAATTACGTTGGAGACCAC 

CACAAGATAGTGGTGGTCGTGAAGATATTGTTTATAGTGTTACATGTGAACAATGTT 

GGCCAGAAAGTGGTGAATGTGGTCCATGTGAAGCAAGTGTTCGTTATAGTGAACCA 

CCACATGGTTTAACACGTACAAGTGTTACAGTTAGTGATTTAGAACCACATATGAAT 

TATACATTTACAGTTGAAGCACGTAATGGTGTTAGTGGTTTAGTTACAAGTCGTAGT 

TTTCGTACAGCAAGTGTTAGTATTAATCAAACAGAACCACCAAAAGTTCGTTTAGAA 

GGTCGTAGTACAACAAGTTTAAGTGTTAGTTGGAGTATTCCACCACCACAACAAAGT 

CGTGTTTGGAAATATGAAGTTACATATCGTAAAAAAGGTGATAGTAATAGTTATAAT 

GTTCGTCGTACAGAAGGTTTTAGTGTTACATTAGATGATTTAGCACCAGATACAACA 

TATTTAGTTCAAGTTCAAGCATTAACACAAGAAGGTCAAGGTGCAGGTAGTCGTGTT 

CATGAATTTCAAACAGAACAAAAATTAATTAGTGAAGAAGATTTATGAGAGCTC 
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NativeLLOss-PEST-FLAG-EX2_EphA2-myc-CodonOp 

(Native L. monocytogenes LLO signal peptide + PEST-Codon optimized -FLAG-EX-2 EphA2- 
Myc) 

Primary Amino Acid Sequence 

MKKIMLVFITLILVSLPIAQQTEAKDASAFNKEN 

SISSMAPPASPPASPKTPIEKKHADGSDYKDDDD 

KQGKEVVLLDFAAAGGELGWLTHPYGKGWDLM 

QNIMNDMPIYMYSVCNVMSGDQDNWLRTNWVY 

RGEAERIFIELKFTVRDCNSFPGGASSCKETFNL 

YYAESDLDYGTNFQKRLFTKIDTIAPDEITVSSD 

FEARHVKLNVEERSVGPLTRKGFYLAFQD1GACV 

ALLSVRVYYKKCPELLQGLAHFPETIAGSDAPSL 

ATVAGTCVDHAVVPPGGEEPRMHCAVDGEWLVP 

IGQCLCQAGYEKVEDACQACSPGFFKFEASESPC 

LECPEHTLPSPEGATSCECEEGFFRAPQDPASMP 

CTRPPSAPHYLTAVGMGAKVELRWTPPQDSGGR 

EDIVYSVTCEQCWPESGECGPCEASVRYSEPPHG 

LTRTSVTVSDLEPHMNYTFTVEARNGVSGLVTSR 

SFRTASVSINQTEPPKVRLEGRSTTSLSVSWS1PP 

PQQSRVWKYEVTYRKKGDSNSYNVRRTEGFSVT 

LDDLAPDTTYLVQVQALTQEGQGAGSRVHEFQT 

EQKLISEEDL 
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Codon Optimized LLOss-PEST-FLAG-EX2J5phA2-myc-CodonOp 

(Codon Optimized L. monocytogenes LLO signal peptide + PEST-Codon optimized -FLAG-EX- 
2EphA2-Myc) 

Nucleotide Sequence (including My promoter) 

GGTACCTCCTTTGATTAGTATATTCCTATCTTAAAGTTACTTTTATGTGGAGGCATTA 

ACATTTGTTAATGACGTCAAAAGGATAGCAAGACTAGAATAAAGCTATAAAGCAAG 

CATATAATATTGCGTTTCATCTTTAGAAGCGAATTTCGCCAATATTATAATTATCAAA 

AGAGAGGGGTGGCAAACGGTATTTGGCATTATTAGGTTAAAAAATGTAGAAGGAGA 

GTGAAACCCATGAAAAAAATTATGTTAGTTTTTATTACATTAATTTTAGTTAGTTTAC 

CAATTGCACAACAAACAGAAGCAAAAGATGCAAGTGCAT1TAATAAAGAAAATAGT 

ATTAGTAGTATGGCACCACCAGCAAGTCCACCAGCAAGTCCAAAAACACCAATTGA 

AAAAAAACATGCAGATGGATCCGATTATAAAGATGATGATGATAAACAAGGTAAAG 

AAGTTGTTTTATTAGATTTTGCAGCAGCAGGTGGTGAATTAGGTTGGTTAACACATC 

CATATGGTAAAGGTTGGGATTTAATGCAAAATATTATGAATGATATGCCAATTTATA 

TGTATAGTGTTTGTAATGTTATGAGTGGTGATCAAGATAATTGGTTACGTACAAATT 

GGGTTTATCGTGGTGAAGCAGAACGTATTTTTATTGAATTAAAATTTACAGTTCGTG 

ATTGTAATAGTTTTCCAGGTGGTGCAAGTAGTTGTAAAGAAACATTTAATTTATATT 

ATGCAGAAAGTGATTTAGATTATGGTACAAATTTTCAAAAACGTTTATTTACAAAAA 

TTGATACAATTGCACCAGATGAAATTACAGTTAGTAGTGATTTTGAAGCACGTCATG 

TTAAATTAAATGTTGAAGAACGTAGTGTTGGTCCATTAACACGTAAAGGTTTTTATT 

TAGCATTTCAAGATATTGGTGCATGTGTTGCATTATTAAGTGTTCGTGTTTATTATAA 

AAAATGTCCAGAATTATTACAAGGTTTAGCACATTTTCCAGAAACAATTGCAGGTAG 

TGATGCACCAAGTTTAGCAACAGTTGCAGGTACATGTGTTGATCATGCAGTTGTTCC 

ACCAGGTGGTGAAGAACCACGTATGCATTGTGCAGTTGATGGTGAATGGTTAGTTCC 

AATTGGTCAATGTTTATGTCAAGCAGGTTATGAAAAAGTTGAAGATGCATGTCAAGC 

ATGTAGTCCAGGTTTTTTTAAATTTGAAGCAAGTGAAAGTCCATGTTTAGAATGTCC 

AGAACATACATTACCAAGTCCAGAAGGTGCAACAAGTTGTGAATGTGAAGAAGGTT 

TTTTTCGTGCACCACAAGATCCAGCAAGTATGCCATGTACACGTCCACCAAGTGCAC 

CACATTATTTAACAGCAGTTGGTATGGGTGCAAAAGTTGAATTACGTTGGACACCAC 

CACAAGATAGTGGTGGTCGTGAAGATATTGTTTATAGTGTTACATGTGAACAATGTT 

GGCCAGAAAGTGGTGAATGTGGTCCATGTGAAGCAAGTGTTCGTTATAGTGAACCA 

CCACATGGrrTAACACGTACAAGTGTTACAGTTAGTGATTTAGAACCACATATGAAT 

TATACATTTACAGTTGAAGCACGTAATGGTGTTAGTGGTTTAGTTACAAGTCGTAGT 

TTTCGTACAGCAAGTGTTAGTATTAATCAAACAGAACCACCAAAAGTTCGTTTAGAA 

GGTCGTAGTACAACAAGTTTAAGTGTTAGTTGGAGTATTCCACCACCACAACAAAGT 

CGTGTTTGGAAATATGAAGTTACATATCGTAAAAAAGGTGATAGTAATAGTTATAAT 

GTTCGTCGTACAGAAGGTTTTAGTGTTACATTAGATGATTTAGCACCAGATACAACA 

TATTTAGTTCAAGTTCAAGCATTAACACAAGAAGGTCAAGGTGCAGGTAGTCGTGTT 

CATGAATTTCAAACAGAACAAAAATTAATTAGTGAAGAAGATTTATGAGAGCTC 
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Codon Optimized LLOss-PEST-FLAG-EX2_EphA2-myc-CodonOp 

(Codon Optimized L. monocytogenes LLO signal peptide + PEST-Codon optimized -FLAG-EX- 
2EphA2-Myc) 

Primary Amino Acid Sequence 

MKKIMLVFITLILVSLPIAQQTEAKDASAFNKEN 

SISSMAPPASPPASPKTPTEKKHADGSDYKDDDD 

KQGKEVVLLDFAAAGGELGWLTHPYGKGWDLM 

QNIMNDMPIYMYSVCNVMSGDQDNWLRTNWVY 

RGEAER1FIELKFTVRDCNSFPGGASSCKETFNL 

YYAESDLDYGTNFQKRLFTKIDT. TAPDE1TVSSD 

FEARHVKLNVEERSVGPLTRKGFYLAFQDIGACV 

ALLSVRVYYKKCPELLQGLAHFPET1AGSDAPSL 

ATVAGTCVDHAVVPPGGEEPRMHCAVDGEWLVP 

IGQCLCQAGYEKVEDACQACSPGFFKFEASESPC 

LECPEHTLPSPEGATSCECEEGFFRAPQDPASMP 

CTRPPSAPHYLTAVGMGAKVELRWTPPQDSGGR 

EDIVYSVTCEQCWPESGECGPCEASVRYSEPPHG 

LTRTSVTVSDLEPHMNYTFTVEARNGVSGLVTSR 

SFRTASVSINQTEPPKVRLEGRSTTSL.SVSWSIPP 

PQQSRVWKYEVTYRKKGDSNSYNVRRTEGFSVT 

LDDLAPDTTYLVQVQALTQEGQGAGSRVHEFQT 

EQKLISEEDL 
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PhoD-FLAG-EX2_EphA2-myc-CodonOp 

(Codon optimized B. subtilis phoD Tat signal peptide-FLAG-EX-2 EphA2-Myc) 
Nucleotide Sequence (including hly promoter) 

GGTACCTCCTTTGATTAGTATATTCCTATCTTAAAGTTACTTTTATGTGGAGGCATTA 

ACATTTGTTAATGACGTCAAAAGGATAGCAAGACTAGAATAAAGCTATAAAGCAAG 

CATATAATATTGCGTTTCATCTrTAGAAGCGAATTTCGCCAATATTATAATTATCAAA 

AGAGAGGGGTGGCAAACGGTATTTGGCATTATTAGGTTAAAAAATGTAGAAGGAGA 

GTGAAACCCATGGCATACGACAGTCGTTTTGATGAATGGGTACAGAAACTGAAAGA 

GGAAAGCTTT.CAAAACAATACGTTTGACCGCCGCAAATTTATTCAAGGAGCGGGGA 

AGATTGCAGGACTTTCTCTTGGATTAACGATTGCCCAGTCGGTTGGGGCCTTTGGAT 

CCGATTATAAAGATGATGATGATAAACAAGGTAAAGAAGTTGTTTTATTAGATTTTG 

CAGCAGCAGGTGGTGAATTAGGTTGGTTAACACATCCATATGGTAAAGGTTGGGATT 

TAATGCAAAATATTATGAATGATATGCCAATTTATATGTATAGTGTTTGTAATGTTAT 

GAGTGGTGATCAAGATAATTGGTTACGTACAAATTGGGTTTATCGTGGTGAAGCAGA 

ACGTATTTTTATTGAATTAAAATTTACAGTTCGTGATTGTAATAGTTTTCCAGGTGGT 

GCAAGTAGTTGTAAAGAAACATTTAATTTATATTATGCAGAAAGTGATTTAGATTAT 

GGTACAAATTTTCAAAAACGTTTATTTACAAAAATTGATACAATTGCACCAGATGAA 

ATTACAGTTAGTAGTGATTTTGAAGCACGTCATGTTAAATTAAATGTTGAAGAACGT 

AGTG'ITGGTCCATTAACACGTAAAGGTTTTTATTTAGCATTTCAAGATATTGGTGCAT 

GTGTTGCATTATTAAGTGTTCGTGTTTATTATAAAAAATGTCCAGAATTATTACAAG 

GTTTAGCACATTTTCCAGAAACAATTGCAGGTAGTGATGCACCAAGTTTAGCAACAG 

TTGCAGGTACATGTGTTGATCATGCAGTTGTTCCACCAGGTGGTGAAGAACCACGTA 

TGCATTGTGCAGTTGATGGTGAATGGTTAGrrCCAATTGGTCAATGTTTATGTCAAG 

CAGGTTATGAAAAAGTTGAAGATGCATGTCAAGCATGTAGTCCAGGTT'nTTTAAAT 

TTGAAGCAAGTGAAAGTCCATGTTTAGAATGTCCAGAACATACATTACCAAGTCCAG 

AAGGTGCAACAAGTTGTGAATGTGAAGAAGGTTTTTTTCGTGCACCACAAGATCCAG 

CAAGTATGCCATGTACACGTCCACCAAGTGCACCACATTATTTAACAGCAGTTGGTA 

TGGGTGCAAAAGTTGAATTACGTTGGACACCACCACAAGATAGTGGTGGTCGTGAA 

GATATTGTTTATAGTGTTACATGTGAACAATGTTGGCCAGAAAGTGGTGAATGTGGT 

CCATGTGAAGCAAGTGTTCGTTATAGTGAACCACCACATGGTTTAACACGTACAAGT 

GTTACAGTTAGTGATTTAGAACCACATATGAATTATACATTTACAGTTGAAGCACGT 

AATGGTGTTAGTGGTTTAGTTACAAGTCGTAGTTTTCGTACAGCAAGTGTTAGTATT 

AATCAAACAGAACCACCAAAAGTTCGTTTAGAAGGTCGTAGTACAACAAGTTTAAG 

TGTTAGTTGGAGTATTCCACCACCACAACAAAGTCGTGTTTGGAAATATGAAGTTAC 

ATATCGTAAAAAAGGTGATAGTAATAGTTATAATGTTCGTCGTACAGAAGGTTTTAG 

TGTTACATTAGATGATTTAGCACCAGATACAACATATTTAGTTCAAGTTCAAGCATT 

AACACAAGAAGGTCAAGGTGCAGGTAGTCGTGTTCATGAATTTCAAACAGAACAAA 

A ATT A ATT AGTG AAG AAG ATTTATG AG AGCTC 
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PhoD-FLAG-EX2_EphA2-myc-CodonOp 

(Codon optimized B. subtilis phoD Tat signal peptide-FLAG-EX-2 EphA2-Myc) 
Amino acid sequence 

MAYDSRFDEWVQKLKEESFQNNTFDRRKFIQGA 

GKIAGLSLGLTIAQSVGAFGSDYKDDDDKQGKE 

VVLLDFAAAGGELGWLTHPYGKGWDLMQNIMN 

DMPIYMYSVCNVMSGDQDNWLRTNWVYRGEAE 

RIFIELKFTVRDCNSFPGGASSCKETFNLYYAES 

DLDYGTNFQKRLFTK1DT1APDEITVSSDFEARH 

VKLNVEERSVGPLTRKGFYLAFQD1GACVALLSV 

RVYYKKCPELLQGLAHFPET1AGSDAPSLATVAG 

TCVDHAVVPPGGEEPRMHCAVDGEWLVPIGQCL 

CQAGYEKVEDACQACSPGFFKFEASESPCLECPE 

HTLPSPEGATSCECEEGFFRAPQDPASMPCTRPP 

SAPHYLTAVGMGAKVELRWTPPQDSGGREDIVY 

SVTCEQCWPESGECGPCEASVRYSEPPHGLTRTS 

VTVSDLEPHMNYTFTVEARNGVSGLVTSRSFRTA 

SVSINQTEPPKVRLEGRSTTSLSVSWS1PPPQQSR 

VWKYEVTYRKKGDSNSYNVRRTEGFSVTLDDLA 

PDTTYLVQVQALTQEGQGAGSRVHEFQTEQKLIS 

E E D L 
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EphA2 CO domain . . 

Native nucleotide sequence 

CACCGCAGGAGGAAGAACCAGCGTGCCCGCCAGTCCCCGGAGGACGTTTACTTCTC 

CAAGTCAGAACAACTGAAGCCCCTGAAGACATACGTGGACCCCCACACATATGAGG 

ACCCCAACCAGGCTGTGTTGAAGTTCACTACCGAGATCCATCCATCCTGTGTCACTC 

GGCAGAAGGTGATCGGAGCAGGAGAGTTTGGGGAGGTGTACAAGGGCATGCTGAA 

GACATCCTCGGGGAAGAAGGAGGTGCCGGTGGCCATCAAGACGCTGAAAGCCGGCT 

ACACAGAGAAGCAGCGAGTGGACTTCCTCGGCGAGGCCGGCATCATGGGCCAGTTC 

AGCCACCACAACATCATCCGCCTAGAGGGCGTCATCTCCAAATACAAGCCCATGAT 

GATCATCACTGAGTACATGGAGAATGGGGCCCTGGACAAGTTCCTTCGGGAGAAGG 

ATGGCGAGTTCAGCGTGCTGCAGCTGGTGGGCATGCTGCGGGGCATCGCAGCTGGC 

ATGAAGTACCTGGCCAACATGAACTATGTGCACCGTGACCTGGCTGCCCGCAACATC 

CTCGTCAACAGCAACCTGGTCTGCAAGGTGTCTGACTTTGGCCTGTCCCGCGTGCTG 

GAGGACGACCCCGAGGCCACCTACACCACCAGTGGCGGCAAGATCCCCATCCGCTG 

GACCGCCCCGGAGGCCATTTCCTACCGGAAGTTCACCTCTGCCAGCGACGTGTGGAG 

CTTTGGCATTGTCATGTGGGAGGTGATGACCTATGGCGAGCGGCCCTACTGGGAGTT 

GTCCAACCACGAGGTGATGAAAGCCATCAATGATGGCTTCCGGCTCCCCACACCCAT 

GGACTGCCCCTCCGCCATCTACCAGCTCATGATGCAGTGCTGGCAGCAGGAGCGTGC 

CCGCCGCCCCAAGTTCGCTGACATCGTCAGCATCCTGGACAAGCTCATTCGTGCCCC 

TGACTCCCTCAAGACCCTGGCTGACTTTGACCCCCGCGTGTCTATCCGGCTCCCCAG 

CACGAGCGGCTCGGAGGGGGTGCCCTTCCGCACGGTGTCCGAGTGGCTGGAGTCCA 

TCAAGATGCAGCAGTATACGGAGCACTTCATGGCGGCCGGCTACACTGCCATCGAG 

AAGGTGGTGCAGATGACCAACGACGACATCAAGAGGATTGGGGTGCGGCTGCCCGG 

CCACCAGAAGCGCATCGCCTACAGCCTGCTGGGACTCAAGGACCAGGTGAACACTG 

TGGGGATCCCCATC 
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EphA2 CO domain 

Nucleotide sequence for optimal codon usage in Listeria 

CACAGACGTAGAAAAAATCAACGTGCTCGACAATCCCCAGAAGATGTGTATTTTTCG 

AAAAGTGAACAATTAAAACCATTAAAAACTTATGTTGATCCGCATACGTACGAAGA 

CCCAAATCAAGCAGTATTAAAATTTACAACAGAAATACACCCAAGTTGTGTTACAA 

GACAAAAAGTTATTGGAGCAGGTGAATTCGGAGAGGTATATAAAGGTATGTTAAAA 

ACATCATCAGGTAAAAAAGAAGTTCCGGTTGCAATTAAAACCTTAAAGGCAGGATA 

TACAGAAAAACAGCGAGTTGATTTTTTAGGTGAAGCAGGAATTATGGGTCAATTTAG 

CCATCATAATATTATTCGTTTGGAAGGAGTAATAAGTAAATATAAACCAATGATGAT 

TATTACAGAATACATGGAAAACGGTGCTTTAGATAAATTTTTACGTGAAAAGGATGG 

TGAATTTAGTGTTTTACAATTGGTTGGTATGTTAAGAGGAATTGCTGCAGGTATGAA 

ATATTTAGCTAATATGAATTATGTTCACCGTGATTTGGCAGCAAGAAATATCCTAGT 

CAATTCCAATTTAGTATGTAAAGTTAGTGATTTTGGTTTAAGCAGAGTATTAGAAGA 

CGATCCAGAGGCAACCTATACAACATCGGGAGGTAAAATTCCTATTCGTTGGACAG 

CACCAGAAGCTATCAGTTACCGTAAATTTACAAGTGCATCAGACGTGTGGAGTTTTG 

GGATTGTAATGTGGGAAGTTATGACATATGGAGAAAGACCATATTGGGAATTAAGT 

AATCATGAAGTTATGAAAGCAATTAACGATGGATTTAGATTACCAACTCCGATGGAT 

TGTCCATCTGCCATTTATCAACTAATGATGCAATGTTGGCAACAAGAAAGAGCAGGA 

CGTCCAAAATTTGCAGATATTGTTAGTATTTTAGACAAATTAATTCGTGCACCAGAT 

AGTTTAAAAACTTTAGCAGACTTTGATCCTCGTGTTAGTATTCGATTACCAAGTACGT 

CAGGTrCCGAAGGAGTTCCATTTCGCACAGTCTCCGAATGGTTGGAATCAATTAAAA 

TGCAACAATACACCGAACACTTTATGGCAGCAGGTTACACAGCAATCGAAAAAGTT 

GTTCAAATGACAAATGATGATATTAAACGTATTGGAGTTAGATTACCAGGCCACCAG 

AAACGTATTGCATATTCTTTATTAGGTTTAAAAGATCAAGTTAATACCGTGGGAATT 

CCAATT 
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EphA2 CO domain 

Primary Amino Acid Sequence 

VHEFQTLSPEGSGNLAV1GGVAVGVVLLLVLAGV 

GFFIHRRRKNQRARQSPEDVYFSKSEQLKPLKTY 

VDPHTYEDPNQAVLKFTTEIHPSCVTRQKVIGAG 

EFGEVYKGMLKTSSGKKEVPVAIKTLKAGYTEK 

QRVDFLGEAGIMGQFSHHNIIRLEGVISKYKPMM 

I1TEYMENGALDKFLREKDGEFSVLQLVGMLRGI 

AAGMKYLANMNYVHRDLAARNILVNSNLVCKVS 

DFGLSRVLEDDPEATYTTSGGKIPIRWTAPEA1S 

YRKFTSASDVWSFGIVMWEVMTYGERPYWELSN 

HEVMKAINDGFRLPTPMDCPSAIYQLMMQCWQQ 

ERARRPKFADIVSILDKLIRAPDSLKTLADFDPR 

VS1RLPSTSGSEGVPFRTVSEWLESIKMQQYTEH 

FMAAGYTAIEKVVQMTNDDIKR I G VRLPGHQKRl 

AYSLLGLKDQVNTVGIP1 
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Construct: LLOss-PEST-CO-huEphA2 

Native LLO signal peptide + PEST fused to cytoplasmic domain of human EphA2 
Not Codon optimized 

No epitope tags (e.g., myc or FLAG used in this construct) 
Fusion protein coding sequence shown 

ATGAAAAAAATAATGCTAGTTTTTATTACACTTATATTAGTTAGTCTACCAATTGCGC 

AACAAACTGAAGCAAAGGATGCATCTGCATTCAATAAAGAAAATTCAATTTCATCC 

ATGGCACCACCAGCATCTCCGCCTGCAAGTCCTAAGACGCCAATCGAAAAGAAACA 

CGCGGATCTCGAGCACCGCAGGAGGAAGAACCAGCGTGCCCGCCAGTCCCCGGAGG 

ACGTTTACTl^CTCCAAGTCAGAACAACTGAAGCCCCTGAAGACATACGTGGACCCCC 

ACACATATGAGGACCCCAACCAGGCTGTGTTGAAGTTCACTACCGAGATCCATCCAT 

CCTGTGTCACTCGGCAGAAGGTGATCGGAGCAGGAGAGTTTGGGGAGGTGTACAAG 

GGCATGCTGAAGACATCCTCGGGGAAGAAGGAGGTGCCGGTGGCCATCAAGACGCT 

GAAAGCCGGCTACACAGAGAAGCAGCGAGTGGACTTCCTCGGCGAGGCCGGCATCA 

TGGGCCAGTTCAGCCACCACAACATCATCCGCCTAGAGGGCGTCATCTCCAAATACA 

AGCCCATGATGATCATCACTGAGTACATGGAGAATGGGGCCCTGGACAAGTTCCTTC 

GGGAGAAGGATGGCGAGTTCAGCGTGCTGCAGCTGGTGGGCATGCTGCGGGGCATC 

GCAGCTGGCATGAAGTACCTGGCCAACATGAACTATGTGCACCGTGACCTGGCTGC 

CCGCAACATCCTCGTCAACAGCAACCTGGTCTGCAAGGTGTCTGACTTTGGCCTGTC 

CCGCGTGCTGGAGGACGACCCCGAGGCCACCTACACCACCAGTGGCGGCAAGATCC 

CCATCCGCTGGACCGCCCCGGAGGCCATTTCCTACCGGAAGTTCACCTCTGCCAGCG 

ACGTGTGGAGCTTTGGCATTGTCATGTGGGAGGTGATGACCTATGGCGAGCGGCCCT 

ACTGGGAGTTGTCCAACCACGAGGTGATGAAAGCCATCAATGATGGCTTCCGGCTCC 

CCACACCCATGGACTGCCCCTCCGCCATCTACCAGCTCATGATGCAGTGCTGGCAGC 

AGGAGCGTGCCCGCCGCCCCAAGTTCGCTGACATCGTCAGCATCCTGGACAAGCTC 

ATTCGTGCCCCTGACTCCCTCAAGACCCTGGCTGACTTTGACCCCCGCGTGTCTATCC 

GGCTCCCCAGCACGAGCGGCTCGGAGGGGGTGCCCTTCCGCACGGTGTCCGAGTGG 

CTGGAGTCCATCAAGATGCAGCAGTATACGGAGCACTTCATGGCGGCCGGCTACAC 

TGCCATCGAGAAGGTGGTGCAGATGACCAAGGACGACATCAAGAGGATTGGGGTGC 

GGCTGCCCGGCCACCAGAAGCGCATCGCCTACAGCCTGCTGGGACTCAAGGACCAG 

GTGAACACTGTGGGGATCCCCATC 
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Construct: LLOss-PEST-CO-huEphA2 

Native LLO signal peptide + PEST fused to cytoplasmic domain of human EphA2 
Not Codon optimized 

No epitope tags (e.g., myc or FLAG used in this construct) 
Predicted fusion protein shown 

MKK1MLVFITLILVSLPIAQQTEAKDASAFNKEN 

SISSMAPPASPPASPKTPIEKKHADLEHRRRKNQ 

RARQSPEDVYFSKSEQLKPLKTYVDPHTYEDPNQ 

AVLKFTTEIHPSCVTRQKVIGAGEFGEVYKGMLK 

TSSGKKEVPVAIKTLKAGYTEKQRVDFLGEAGIM 

GQFSHHNIIRLEGVISKYKPMMI1TEYMENGALD 

KFLREKDGEFSVLQLVGMLRGIAAGMKYLANMN 

YVHRDLAARNILVNSNLVCKVSDFGLSRVLEDDP 

EATYTTSGGKIPIRWTAPEAISYRKFTSASDVWS 

FGIVMWEVMTYGERPYWELSNHEVMKAINDGFR 

LPTPMDCPSAIYQLMMQCWQQERARRPKFADIV 

SILDKLIRAPDSLKTLADFDPRVS1RLPSTSGSEG 

VPFRTVSEWLESIKMQQYTEHFMAAGYTAIEKV 

VQMTNDDIKRIGVRLPGHQKRIAYSLLGLKDQVN 

T V G I P I 
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NativeLLOss-PEST-FLAG-CO_EphA2-myc-CodonOp 

(Native L. monocytogenes LLO signal peptide + PEST-Codon optimized -FLAG-CO_EphA2- 
Myc) 

Nucleotide Sequence (including My promoter) 

GGTACCTCCTTTGATTAGTATATTCCTATCTTAAAGTTACTTTTATGTGGAGGCATTA 

ACATTTGTTAATGACGTCAAAAGGATAGCAAGACTAGAATAAAGCTATAAAGCAAG 

CATATAATATTGCGTTTCATCTTTAGAAGCGAATTTCGCCAATATTATAATTATCAAA 

AGAGAGGGGTGGCAAACGGTATTTGGCATTATTAGGTTAAAAAATGTAGAAGGAGA 

GTGAAACCCATGAAAAAAATAATGCTAGTTTTTATTACACTTATATTAGTTAGTCTA 

CCAATTGCGCAACAAACTGAAGCAAAGGATGCATCTGCATTCAATAAAGAAAATTC 

AATTTCATCCATGGCACCACCAGCATCTCCGCCTGCAAGTCCTAAGACGCCAATCGA 

AAAGAAACACGCGGATGGATCCGATTATAAAGATGATGATGATAAACACAGACGTA 

GAAAAAATCAACGTGCTCGACAATCCCCAGAAGATGTGTATTTTTCGAAAAGTGAA 

CAATTAAAACCATTAAAAACTTATGTTGATCCGCATACGTACGAAGACCCAAATCAA 

GCAGTATTAAAATTTACAACAGAAATACACCCAAGTTGTGTTACAAGACAAAAAGT 

TATTGGAGCAGGTGAATTCGGAGAGGTATATAAAGGTATGTTAAAAACATCATCAG 

GTAAAAAAGAAGTTCCGGTTGCAATTAAAACCTTAAAGGCAGGATATACAGAAAAA 

CAGCGAGTTGATTTTTTAGGTGAAGCAGGAATTATGGGTCAATTTAGCCATCATAAT 

ATTATTCGTTTGGAAGGAGTAATAAGTAAATATAAACCAATGATGATTATTACAGAA 

TACATGGAAAACGGTGCTTTAGATAAATTTTTACGTGAAAAGGATGGTGAATTTAGT 

GTTTTACAATTGGTTGGTATGTTAAGAGGAATTGCTGCAGGTATGAAATATTTAGCT 

AATATGAATTATGTTCACCGTGATTTGGCAGCAAGAAATATCCTAGTCAATTCCAAT 

TTAGTATGTAAAGTTAGTGATTTTGGTTTAAGCAGAGTATTAGAAGACGATCCAGAG 

GCAACCTATACAACATCGGGAGGTAAAATTCCTATTCGTTGGACAGCACCAGAAGC 

TATCAGTTACCGTAAATTTACAAGTGCATCAGACGTGTGGAGTTTTGGGATTGTAAT 

GTGGGAAGTTATGACATATGGAGAAAGACCATATTGGGAATTAAGTAATCATGAAG 

TTATGAAAGCAATTAACGATGGATTTAGATTACCAACTCCGATGGATTGTCCATCTG 

CCATTTATCAACTAATGATGCAATGTTGGCAACAAGAAAGAGCACGACGTCCAAAA 

TTTGCAGATATTGTTAGTATTTTAGACAAATTAATTCGTGCACCAGATAGTTTAAAA 

ACTTTAGCAGACTTTGATCCTCGTGTTAGTATTCGATTACCAAGTACGTCAGGTTCCG 

AAGGAGTTCCATTTCGCACAGTCTCCGAATGGTTGGAATCAATTAAAATGCAACAAT 

ACACCGAACACTTTATGGCAGCAGGTTACACAGCAATCGAAAAAGTTGTTCAAATG 

ACAAATGATGATATTAAACGTATTGGAGTTAGATTACCAGGCCACCAGAAACGTATT 

GCATATTCTTTATTAGGrrrAAAAGATCAAGTTAATACCGTGGGAATTCCAATTGAA 

CAAAAATTAATTTCCGAAGAAGACTTATAAGAGCTC 
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NativeLLOss-PEST-FLAG-CO_EphA2-myc-CodonOp 

(Native L. monocytogenes LLO signal peptide + PEST-Codon optimized -FLAG-CO_EphA2- 
Myc) 

Primary Amino Acid Sequence 

MKK1MLVFITLILVSLPIAQQTEAKDASAFNKEN 

S1SSMAPPASPPASPKTPIEKKHADGSDYKDDDD 

KHRRRKNQRARQSPEDVYFSKSEQLKPLKTYVD 

PHTYEDPNQAVLKFTTEIHPSCVTRQKVIGAGEF 

GEVYKGMLKTSSGKKEV P V A1KTLKAGYTEKQR 

VDFLGEAGIMGQFSHHNIIRLEGVISKYKPMMIIT 

EYMENGALDKFLREKDGEFSVLQLVGMLRGIAA 

GMKYLANMNYVHRDLAARNILVNSNLVCKVSDF 

GLSRVLEDDPEATYTTSGGKIPIRWTAPEATSYR 

KFTSASDVWSFG1VMWEVMTYGERPYWELSNHE 

VMKAINDGFRLPTPMDCPSAIYQLMMQCWQQER 

ARRPKFADIV.SILDKLIRAPDSLKTLADFDPRVSI 

RLPSTSGSEGVPFRTVSEWLESIKMQQYTEHFMA 

AGYTAIEKVVQMTNDD1KRIGVRLPGHQKRIAYS 

LLGLKDQVNTVGIPIEQKLISEEDL 
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Codon Optimized LLOss-PEST-FLAG-COJEphA2-myc-CodonOo 

(Codon Optimized L. monocytogenes LLO signal peptide + PEST-Codon optimized -FLAG- 
CO_EphA2-Myc) 

Nucleotide Sequence (including My promoter) 

GGTACCTCCTTTGATTAGTATATTCCTATCTTAAAGTTACTTTTATGTGGAGGCATTA 

ACATTTGTTAATGACGTCAAAAGGATAGCAAGACTAGAATAAAGCTATAAAGCAAG 

CATATAATATTGCGTTTCATCTTTAGAAGCGAATTTCGCCAATATTATAATTATCAAA 

AGAGAGGGGTGGCAAACGGTATTTGGCATTATTAGGTTAAAAAATGTAGAAGGAGA 

GTGAAACCCATGAAAAAAATTATGTTAGTTTTTATTACATTAATTTTAGTTAGTTTAC 

CAATTGCACAACAAACAGAAGCAAAAGATGCAAGTGCATTTAATAAAGAAAATAGT 

ATTAGTAGTATGGCACCACCAGCAAGTCCACCAGCAAGTCCAAAAACACCAATTGA 

AAAAAAACATGCAGATGGATCCGATTATAAAGACGATGATGATAAACACAGACGTA 

GAAAAAATCAACGTGCTCGACAATCCCCAGAAGATGTGTATTTTTCGAAAAGTGAA 

CAATTAAAACCATTAAAAACTTATGTTGATCCGCATACGTACGAAGACCCAAATCAA 

GCAGTATTAAAATTTACAACAGAAATACACCCAAGTTGTGTTACAAGACAAAAAGT 

TATTGGAGCAGGTGAATTCGGAGAGGTAfATAAAGGTATGTTAAAAACATCATCAG 

GTAAAAAAGAAGTTCCGGTTGCAATTAAAACCTTAAAGGCAGGATATACAGAAAAA 

CAGCGAGTTGATTTTTTAGGTGAAGCAGGAATTATGGGTCAATTTAGCCATCATAAT 

ATTATTCGTTTGGAAGGAGTAATAAGTAAATATAAACCAATGATGATTATTACAGAA 

TACATGGAAAACGGTGCTTTAGATAAATTTTTACGTGAAAAGGATGGTGAATTTAGT 

GTTTTACAATTGGTTGGTATGTTAAGAGGAATTGCTGCAGGTATGAAATATTTAGCT 

AATATGAATTATGTTCACCGTGATTTGGCAGCAAGAAATATCCTAGTCAATTCCAAT 

TTAGTATGTAAAGTTAGTGATTTTGGTTTAAGCAGAGTATTAGAAGACGATCCAGAG 

GCAACCTATACAACATCGGGAGGTAAAATTCCTATTCGTTGGACAGCACCAGAAGC 

TATCAGTTACCGTAAATTTACAAGTGCATCAGACGTGTGGAGTTTTGGGATTGTAAT 

GTGGGAAGTTATGACATATGGAGAAAGACCATATTGGGAATTAAGTAATCATGAAG 

TTATGAAAGCAATTAACGATGGATTTAGATTACCAACTCCGATGGATTGTCCATCTG 

CCATTTATCAACTAATGATGCAATGTTGGCAACAAGAAAGAGCACGACGTCCAAAA 

TTTGCAGATATTGTTAGTATTTTAGACAAATTAATTCGTGCACCAGATAGTTTAAAA 

ACTTTAGCAGACTTTGATCCTCGTGTTAGTATTCGATTACCAAGTACGTCAGGTTCCG 

AAGGAGTTCCATTTCGCACAGTCTCCGAATGGTTGGAATCAATTAAAATGCAACAAT 

ACACCGAACACTTTATGGCAGCAGGTTACACAGCAATCGAAAAAGTTGTTCAAATG 

ACAAATGATGATATTAAACGTATTGGAGTTAGATTACCAGGCCACCAGAAACGTATT 

GCATATTCTTTATTAGGTTTAAAAGATCAAGTTAATACCGTGGGAATTCCAATTGAA 

CAAAAATTAATTTCCGAAGAAGACTTATAAGAGCTC 
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Codon Optimized LLOss-PEST-FLAG-CO_EphA2-myc-CodonOp 

(Codon Optimized L. monocytogenes LLO signal peptide + PEST-Codon optimized -FLAG- 

CO_EphA2-Myc) 

Primary Amino Acid Sequence 

MKKIMLVFITLILVSLPIAQQTEAKDASAFNKEN 

SISSMAPPASPPASPKTPIEKKHADGSDYKDDDD 

KHRRRKNQRARQS P E DVYFSKSEQLKPLKTYVD 

PHTYEDPNQAVLKFTTEIHPSCVTRQKVIGAGEF 

GEVYKGMLKTSSGKKEVPVAIKTLKAGYTEKQR 

VDFLGEAGIMGQFSHHNIIRLEGVISKYK P M M I I T 

EYMENGALDKFLREKDGEFSVLQLVGMLRG1AA 

GMKYLANMNYVHRDLAARNILVNSNLVCKVSDF 

GLSRVLEDDPEATYTTSGGKIPIRWTAPEATSYR 

KFTSASDVWSFGIVMWEVMTYGERPYWELSNHE 

VMKAINDGFRLPTPMDCPSAIYQLMMQCWQQER 

ARRPKFADIVSILDKLIRAPDSLKTLADFDPRVSI 

RLPSTSGSEGVPFRTVSEWLESIKMQQYTEH F M A 

AGY'TAIEKVVQMTNDDIKRIGVRLPGHQKRIAYS 

LLGLKDQVNTVGIP1EQKLISEEDL 
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PhoD-FLAG-CO_EphA2-myc-CodonOp 

(Codon optimized B. subtilis phoD Tat signal peptide-FLAG-COJEphA2-Myc) 
Nucleotide Sequence (including My promoter) 

GGTACCTCCTTTGATTAGTATATTCCTATCTTAAAGTTACTTTTATGTGGAGGCATTA 

ACATTTGTTAATGACGTCAAAAGGATAGCAAGACTAGAATAAAGCTATAAAGCAAG 

CATATAATATTGCGTTTCATCTTTAGAAGCGAATTTCGCCAATATTATAATTATCAAA 

AGAGAGGGGTGGCAAACGGTATTTGGCATTATTAGGTTAAAAAATGTAGAAGGAGA 

GTGAAACCCATGGCATACGACAGTCGTTTTGATGAATGGGTACAGAAACTGAAAGA 

GGAAAGCTTTCAAAACAATACGTTTGACCGCCGCAAATTTATTCAAGGAGCGGGGA 

AGATTGCAGGACTTTCTCTTGGATTAACGATTGCCCAGTCGGTTGGGGCCTTTGGAT 

CCGATTATAAAGATGATGATGATAAACACAGACGTAGAAAAAATCAACGTGCTCGA 

CAATCCCCAGAAGATGTGTATTTTTCGAAAAGTGAACAATTAAAACCATTAAAAACT 

TATGTTGATCCGCATACGTACGAAGACCCAAATCAAGCAGTATTAAAATTTACAACA 

GAAATACACCCAAGTTGTGTTACAAGACAAAAAGTTATTGGAGCAGGTGAATTCGG 

AGAGGTATATAAAGGTATGTTAAAAACATCATCAGGTAAAAAAGAAGTTCCGGTTG 

CAATTAAAACCTTAAAGGCAGGATATACAGAAAAACAGCGAGTTGATTTTTTAGGT 

GAAGCAGGAATTATGGGTCAATTTAGCCATCATAATATTATTCGTTTGGAAGGAGTA 

ATAAGTAAATATAAACCAATGATGATTAT'rACAGAATACATGGAAAACGGTGCTTT 

AGATAAATTTTTACGTGAAAAGGATGGTGAATTTAGTGTTTTACAATTGGTTGGTAT 

GTTAAGAGGAATTGCTGCAGGTATGAAATATTTAGCTAATATGAATTATGTTCACCG 

TGATTTGGCAGCAAGAAATATCCTAGTCAATTCCAATTTAGTATGTAAAGTTAGTGA 

TTTTGGTTTAAGCAGAGTATTAGAAGACGATCCAGAGGCAACCTATACAACATCGG 

GAGGTAAAATTCCTATTCGTTGGACAGCACCAGAAGCTATCAGTTACCGTAAATTTA 

CAAGTGCATCAGACGTGTGGAGTTTTGGGATTGTAATGTGGGAAGTTATGACATATG 

GAGAAAGACCATATTGGGAATTAAGTAATCATGAAGTTATGAAAGCAATTAACGAT 

GGATTTAGATTACCAACTCCGATGGATTGTCCATCTGCCATTTATCAACTAATGATG 

CAATGTTGGCAACAAGAAAGAGCACGACGTCCAAAATTTGCAGATATTGTTAGTATT 

TTAGACAAATTAATTCGTGCACCAGATAGTTTAAAAACTTTAGCAGACTTTGATCCT 

CGTGTTAGTATTCGATTACCAAGTACGTCAGGTTCCGAAGGAGTTCCATTTCGCACA 

GTCTCCGAATGGTTGGAATCAATTAAAATGCAACAATACACCGAACACTTTATGGCA 

GCAGGTTACACAGCAATCGAAAAAGTTGTTCAAATGACAAATGATGATATTAAACG 

TATTGGAGTTAGATTACCAGGCCACCAGAAACGTATTGCATATTCTTTATTAGGTTT 

AAAAGATCAAGTTAATACCGTGGGAATTCCAATTGAACAAAAATTAATTTCCGAAG 

AAGACTTATAAGAGCTC 
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PhoD-FLAG-CO_EphA2-myc-CodonOp 

(Codon optimized B. subtilis phoD Tat signal peptide-FLAG-CO_EphA2-Myc) 
Amino acid sequence 

MAYDSRFDEWVQKLKEESFQNNTFDRRKFIQGA 

GKIAGLSLGLTIAQSVGAFGSDYKDDDDKHRRR 

KNQRARQSPEDVYFSKSEQLKPLKTYVDPHTYE 

DPNQAVLKFTTEIHPSCVTRQKVIGAGEFGEVYK 

GMLKTSSGK K E VPVAIKTLKAGYTEKQRVDFLG 

EAGIMGQFSHHNIIRLEGVISKYKPMMIITEYME 

NGALDKFLREKDGEFSVLQLVGMLRGIAAGMKY 

LANMNYVHRDLAARNILVNSNLVCKVSDFGLSR 

VLEDDPEATYTTSGGKIPIRWTAPEA IS Y R K F T S 

ASDVWSFGIVMWEVMTYGERPYWELSNHEVMK 

AINDGFRLPTPMDCPSAIY-QLMMQCWQQERARR 

PKFADIVSILDKLIRAPDSLKTLADFDPRVSIRLP 

STSGSEGVPFRTVSEWLESIKMQQYTEHFMAAGY 

TAIEKVVQMTNDD1KRIGVRLPGHQKRIAYSLLG 

LKDQVNTVGIPIEQKLISEEDL 
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Codon Optimized LLOss-PEST-NYESOl-CodonOp 

(Codon Optimized L. monocytogenes LLO signal peptide + PEST-Codon optimized -NYESOl) 
Nucleotide Sequence (including My promoter) 

GGTACCTCCTTTGATTAGTATATTCCTATCTTAAAGTTACTTTTATGTGGAGGCATTA 

ACATTTGTTAATGACGTCAAAAGGATAGCAAGACTAGAATAAAGCTATAAAGCAAG 

CATATAATATTGCGTTTCATCTTTAGAAGCGAATTTCGCCAATATTATAATTATCAAA 

AGAGAGGGGTGGCAAACGGTATTTGGCATTATTAGGTTAAAAAATGTAGAAGGAGA 

GTGAAACCCATGAAAAAAATTATGTTAGTTTTTATTACATTAATTTTAGTTAGTTTAC 

CAATTGCACAACAAACAGAAGCAAAAGATGGAAGTGCATTTAATAAAGAAAATAGT 

ATTAGTAGTATGGCACCACCAGCAAGTCCACCAGCAAGTCCAAAAACACCAATTGA 

AAAAAAACATGCAGATGGATCCCAAGCAGAAGGTCGCGGAACAGGAGGAAGTACA 

GGAGATGCAGACGGACCAGGAGGACCAGGAATACCAGACGGACCAGGAGGAAATG 

CAGGAGGCCCAGGCGAAGCAGGCGCAACAGGAGGAAGAGGACCAAGAGGAGCAG 

GAGCAGCACGAGCATCAGGACCAGGAGGCGGAGCACCAAGAGGACCACATGGCGG 

AGCGGCAAGCGGATTAAATGGATGTTGTAGATGTGGAGCACGCGGACCAGAATCAA 

GACTTTTAGAATTTTATTTAGCCATGCCATTTGCAACCCCAATGGAAGCAGAATTAG 

CACGAAGATCATTAGCACAAGATGCCCCACCATTACCAGTACCAGGAGTTTTATTAA 

AAGAGTTTACAGTATCAGGCAATATTTTAACAATACGTTTAACAGCAGCAGACCATC 

GTCAATTACAACTATCTATCAGTTCATGTTTACAACAATTATCCTTATTAATGTGGAT 

TACACAATGTTTTTTACCAGTTTTTTTAGCACAACCACCATCAGGACAAAGAAGATA 

AGAGCTC 
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Codon Optimized LLOss-PEST-NYESOl-CodonOp 

(Codon Optimized L. monocytogenes LLO signal peptide + PEST-Codon optimized -NYESOl) 
Primary amino acid sequence 

MKKIMLVFITLILVSLPIAQQTEAKDASAFNKEN 

SISSMAPPASPPASPKTPIEKKHADGSQAEGRGT 

GGSTGDADGPGGPGIPDGPGGNAGGPGEAGATG 

GRGPRGAGAARASGPGGGAPRGPHGGAASGLNG 

CCRCGARGPESRLLEFYLAMPFATPMEAELARRS 

LAQDAPPLPVPGVLLKEFTVSGNILTIRLTAADH 

RQLQLSISSCLQQLSLLMWITQCFLPVFLAQPPS 

GQRR 
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PA/>(1 0403S)-Usp45-CodOp 
(330 nts.) 

GGTACCTCCTTTGATTAGTATATTCCTATCTTAAAGTTACTTTTATGTGGAGGCATTA 

ACATTTGTTAATGACGTCAAAAGGATAGCAAGACTAGAATAAAGCTATAAAGCAAG 

CATATAATATTGCGTTTCATCTTTAGAAGCGAATTTCGCCAATATTATAATTATCAAA 

AGAGAGGGGTGGCAAACGGTATTTGGCATTATTAGGTTAAAAAATGTAGAAGGAGA 

GTGAAACCCATGAAAAAAAAAATTATTAGTGCAATTTTAATGAGTACAGTTATTTTA 

AGTGCAGCAGCACCATTAAGTGGTGTTTATGCAGATACAGGATCC 
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PWy(l 0403S)-p60SP-Native 
(330 nts.) 

GGTACCTCCTTTGATTAGTATATTCCTATCTTAAAGTTACTTTTATGTGGAGGCATTA 

ACATTTGTTAATGACGTCAAAAGGATAGCAAGACTAGAATAAAGCTATAAAGCAAG 

CATATAATATTGCGTTTCATCTTTAGAAGCGAATTTCGCCAATATTATAATTATCAAA 

AGAGAGGGGTGGCAAACGGTATTTGGCATTATTAGGTTAAAAAATGTAGAAGGAGA 

GTGAAACCCATGAATATGAAAAAAGCAACTATCGCGGCTACAGCTGGGATTGCGGT 

AACAGCATTTGCTGCGCCAACAATCGCATCCGCAAGCACTGGATCC 



FIGURE 29 
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miy( 1 0403S)-p60SP-CodOp 
330 nts. 

GGTACCTCCTTTGATTAGTATATTCCTATCTTAAAGTTACTTTTATGTGGAGGCATTA 

ACATTTGTTAATGACGTCAAAAGGATAGCAAGACTAGAATAAAGCTATAAAGCAAG 

CATATAATATTGCGTTTCATCTTTAGAAGCGAATTTCGCCAATATTATAATTATCAAA 

AGAGAGGGGTGGCAAACGGTATTTGGCATTATTAGGTTAAAAAATGTAGAAGGAGA 

GTGAAACCCATGAATATGAAAAAAGCAACAATTGCAGCAACAGCAGGTATTGCAGT 

TACAGCATTTGCAGCACCAACAATTGCAAGTGCAAGTACAGGATCC 



FIGURE 30 
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/i/yP-p60 (Kpnl-BamM) 

GGTACCTCCTTTGATTAGTATATTCCTATCTTAAAGTTACTTTTATGTGGAGGCATTA 

ACATTTGTTAATGACGTCAAAAGGATAGCAAGACTAGAATAAAGCTATAAAGCAAG 

CATATAATATTGCGTTTCATCTTTAGAAGCGAATTTCGCCAATATTATAATTATCAAA 

AGAGAGGGGTGGCAAACGGTATTTGGCATTATTAGGTTAAAAAATGTAGAAGGAGA 

GTGAAACCCATGAATATGAAAAAAGCAACTATCGCGGCTACAGCTGGGATTGCGGT 

AACAGCATTTGCTGCGCCAACAATCGCATCCGCAAGCACTGTAGTAGTCGAAGCTG 

GTGATACTCTTTGGGGTATCGCACAAAGTAAAGGGACTACTGTTGACGCAATTAAAA 

AAGCAAACAATTTAACAACAGATAAAATCGTACCAGGTCAAAAATTACAAGTAAAT 

AATGAGGTTGCTGCTGCTGAAAAAACAGAGAAATCTGTTAGCGCAACTTGGTTAAA 

CGTCCGTAGTGGCGCTGGTGTTGATAACAGTATTATTACGTCCATCAAAGGTGGAAC 

AAAAGTAACTGTTGAAACAACCGAATCTAACGGCTGGCACAAAATTACTTACAACG 

ATGGAAAAACTGGTTTCGTTAACGGTAAATACTTAACTGACAAAGCAGTAAGCACT 

CCAGTTGCACCAACACAAGAAGTGAAAAAAGAAACTACTACTCAACAAGCTGCACC 

TGCTGCAGAAACAAAAACTGAAGTAAAACAAACTACACAAGCAACTACACCTGCGC 

CTAAAGTAGCAGAAACGAAAGAAACTCCAGTAGTAGATCAAAATGCTACTACACAC 

GCTGTTAAAAGCGGTGACACTATTTGGGCTTTATCCGTAAAATACGGTGTTTCTGTTC 

AAGACATTATGTCATGGAATAATTTATCTTCTTCTTCTATTTATGTAGGTCAAAAGCT 

TGCTATTAAACAAACTGCTAACACAGCTAC TCCAAAAGCAGAAGTGAAAACGGAAG 

CTCCAGCAGCTGAAAAACAAGCAGCTCCAGTAGTTAAAGAAAATACTAACACAAAT 

ACTGCTACTACAGAGAAAAAAGAAACAGCAACGCAACAACAAACAGCACCTAAAG 

CACCAACAGAAGCTGCAAAACCAGCTCCTGCACCATCTACAAACACAAATGCTAAT 

AAAACAAATACAAATACAAATACAAATACAAATACAAACAATACTAATACAAATAC 

ACCATCTAAAAATACTAATACAAACTCAAATACTAATACGAATACAAACTCAAATA 

CGAATGCTAATCAAGGTTCTTCCAACAATAACAGCAATTCAAGTGCAAGTGCTATTA 

TTGCTGAAGCTCAAAAACACCTTGGAAAAGCTTATTCATGGGGTGGTAACGGACCA 

ACTACATTTGATTGCTCTGGTTACACTAAATATGTATTTGCTAAAGCGGGAATCTCCC 

TTCCACGTACTTCTGGCGCACAATACGCTAGCACTACAAGAATCTCTGAATCTCAAG 

CAAAACCTGGTGATTTAGTATTCTTTGACTATGGTAGCGGAATTTCTCACGTTGGTAT 

CTACGTTGGTAATGGTCAAATGATTAACGCGCAAGACAATGGCGTTAAATACGATA 

ACATCCACGGCTCTGGCTGGGGTAAATATCTAGTTGGCTTCGGTCGCGTATAATTAA 

GGATCC 
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FIGURE 32A 

Construct: pAM401-MCS 

Plasmid pAM401 containing multiple cloning site (MCS) from pPL2 vector 

Insertion of small Act II MCS fragment from pPL2 inserted into pAM401 plasmid between 

blunted Xba I and Nru I sites. 

Complete pAM401-MCS plasmid sequence shown 

CTTTAAACGTGGATCATTTTCTTTA^ 

TCGATTCCTTGTGCCTG ACGTTCCTTAA I" I " 1 " 1 1111 CGTTCTG ATTCTG CTTG ATACTTGTAC AATTCAAT 

GACAAGGCTATTAATCAAACGCCTTAAATTTTCATCrrCAATACCATTCATTGAG 

TTCCAGGGTTGCCCCCTrAATTTGAATTTGATTCATCAATTCTGTTAATTCITT 

GATCTAATTCAGTAACAATAACAATATCCCCTTCACGAATATAGTTAAGCATAGCrrGTAATTGTGGGC 

GTTCGACCGATTGACCGCTTAATTTGTCTGAAAAGACCTTAGAAACGCCCTGTAACGCTTGTAATTGCC 

GATCTAAGTTCTGTTCTTTGCTACTGACACGTGCATAACCAATTTTAGCCATTTT 

AATTCTCTCGGTTGCAATAACCAATCAGCAATATCTACTTTTTCAATTTCAAATTGC^ 

GTCTTTTCGTAAGCGATAAAATCTTGCGCATATTGTTGCTCATTAAAAATAGCCACCACTTCGTCATTT 

TCTAAAACTCGATAAATAAATITTTTCATTTTACTC^ 

CAAGTCAATTATACTGCTAAAATCATATTAGGACAAATAGGTATACTCTATTGACCTATAAATGATAG 

CAACTTAAAAGATCAAGTGTTCGCTTCGCTCTCACTGCCCCT^ 

CGTTCAGTCCAAGCCAACTAAAAGTTTTCGGGCTACTCT 

CTTACTCTGTATATTTCTGCTAATCATTCACTAAACAGCAAAGAAAAACAAACACGTATCATAGATAT 
AAATGTAATGGCATAGTGCGGGTTTTATTTTCAGCCTGTATCGTAGCTAAACAAA'ICGAGTTGTGGGTC 
CGTTTTGGGGCGTTCTGCCAATTTGTTTAGAGTTTCTTGAATAAATGTACGTTCTAAATTAA 
TGTCAGCGCCTTTATATAGCnTTCTCGTTCTTCTT^ 

ACACTAGCAAGTTGAATGCCACCATTTCTTCCTGGTTTAATCITAAAGAAAATT^ 

AGTACCTTCAGCAATTTATCTAATGTCCGTTCAGGAATGCCTAGCACTTCTCTAATCTCT^ 

TCGCTAAATAAGGCTTGTATACATCGCTTTTTTCGCTAA 

CAAATGAACACGTTGACGTTCGCrrCTTTlTTTCTTGAATTTAAACCACCCTTGACG^ 

TTTACTGGTTAAATCACTTGATACCCAAGCmGCAAAGAATGGTAATGTATTCCCTATTAGCCCC^ 

ATAGTrrrCTGAATAGGCACTTCTAACAATTTTGATTACTTC 11111 CTTCTA AGGGTTGATCT AATCG A 

TTATTAAACTCAAACATATTATATl^CGCACGTrrCGAlTGAATAGCCTGAACTAAAGTAGGCT 

GAGGGTAAACATAACGCTATTGCGCCCTACTAAACCCTTTTCTCCTGAAAATTTCGTT^ 

GAGATTAAACCAGGGTTCATCTACTTGlTTTTTGCCTTCTGTACCGCrTAAAACCG 

AGTAAAGCCCTTATTATCTGTTTGTTTGAAAGACCAATCTTGCCATTCTTTGAAAGAATAAC 

GGGATCAAAAAATTCTACATTGTCCGTTCTTGGTATACGAGCAATCCCAAAATGATTGCACGTTAGAT 

CAACTGGCAAAGACTTTCCAAAATArrCTCGGATATTTTGCGAGA'rTATTTTGG 

TAAATTCTGATTTTGAAGTCACATAGACTGGCGTTTCTAAAACAAAATATGCTTGATAACCTTTATCAG 
A'nTGATAATTAACGTAGGCATAAAACCTAAATCAATAGCTGTTGTTAAAATATCGCTTGCTGAAATA 
GTTTCTTTTTCCGTGTGAATATCAAAATCAATAAA 

TGTCCTTTAGTGTATGAACGGTrTTCGTCTGCATACGTACCATAACGATAAACGTTTGGTGTCCAATGC 
GTAAATGTATCTTGATTTTCGTGAATCGCTTC^ 

CMM'ri'lM'lU'GAGCGATACGCAAAAATAGCCCCXrrACTTTTACCTGGCTTGGTAGTGATTGAGCGAATT 
TrACTArrTITAAA'nTGTACm 

ATTCAGCTGTrCTCCTTTCTTACGAAAATTAATTAGTrAGAAGCTACGATCAAAGTT^ 
AAAAGGCAATCAACTAAGTTTTTCTTAATTGATTGC 

AAAACCCGATATAATGGGTTTACAGATATTTAAGTATCTGArTAATAAAGTAATTAAATACTlTACCA 

AATTTTGGGTCTCGAClTCriTAATTGATTGGTGGTAATCAATTAAGGCTCGCAGTTAAAATTTCT 

GCITTAACTGGTCGTGGCTCTTTrTTTC^ 

CTTrrTAA 

TCrAACTCCAATGITACrTGITCTGTTTCTGGTTCTGGTTCTGTTGGCTCATTT 

CTAGCGTTGAGTTAGTTCCGTCTCTAATAGCCGGTTAAGTAATAGCCGGTTAAGTGGTCAAAa^TGGG 

AAAATCrCAACCCGCATrAAGTTTTGATGCCATGACAATCGTTGGAAATTTGAACAAAACTAATGCTA 

AAAAGCTATCTGACTTTATGAGTGTAGAGCCACAAATACGAOT 
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FIGURE 32B 

(sequence continued from Figure 32A) 

AAAGCTAAGGCACTTCAAGAAAAAGTTTATATCGAATATGACAAAGTAAAAGCAGATACTTGGGATA 

GACGTAATATGCGTGTTGAATTTAATCCCAATAAACTCACACATGAAGAAATGATTTGGTTAAAACAA 

AATATTATCGACTACATGGAAGATGACGGTTTrACAAGATTAGACTTAGCTTTTGATTTTGAAGATGA 

TTGAGCGATTACTATGCAATGACTGATAAAGCAGTTAAGAAAACTGTTTTTTATGGTCGTAATGGCAA 

GCCAGAAACAAAATATTTTGGTGTCCGTGATAGTGATAGATTTATTAGAATTTATAATAAAAAACAAG 

AACGTAAAGATAACGCAGATGTTGAAGTTGTGTTTGAACATTTATGGCGTGTAGAAGTTGAATTAAAA 

AGAGATATGGTTGATTACTGGAATGATTGTTTTAATGA 

TTTAGAAAAAATTAATGAGCAAGCTATGGTTTATACTTTGTTGCATGAA 

TAAGTAAGAATACTAAGACTAAATTTAAAAAATTGATTAGAGAAATATCTCCAATTGATT^ 

r ITAATGAAATCGACTTTAAAAGCGAACGAAAAACAATTGCAAAAGCAGATTGATTTTTGGCAACGTG 

ATTTAGGTTTTGGAAGTAAAATAAGTTTT^ 

GAGGTGACATAACGTATGAAAAAATCAGAGGATTATTCCTCCTAAATATAAAAATTTAAAATTTAGGA 

GGAAGTTATATATGACnTTTAATATTATTGAATTAGAAAATTGGGATAGAAAAGAATATTTTGAAC 

TATrrTAATCAGCAAACTACTTATAGCATTACTAAAGAAATTGATATTACTIT^ 

AAAAAGAAAGGATATGAAATTTATCCCTCTTTAATTTATGCAATTATGGAAGTTGTAAAT^ 

AGTGTTTAGAACAGGAATTAATAGTGAGAATAAATTA 

CAGTTTTTAATAAGCAAACTGAAAAATTTACTAAC^ 

1TTATAATAATTATAAAAATGACTTGCTTGAATATAAAGATAAAGAAGAAATGTTTCCTAAAAAACC 

ATACCTGAAAACACCATACCGATTTCAATGATTCOT 

GGTAACAATAGCAGCTTTTTATTGCCTATT^ 

TATATACCAGri'GCl'CTGCAACTTCATC^ 

AATTTCAAGATATAATTCATAGGGTAGATGATTGGATTTAGTTTTTAGATTTTGAAAGTGAA 

TTATACACGTAAGTGATCATAAAATTTATGAACGTATAACA^ 

GATTTTGAATTTGGTTTTGAACTrATGGACTGATTTATTC^ 

GCCTCGCAGAGCACACGCATTAATGACTTATGAAACGTAGTAAATAAGTCTAG'I^GrarrATACnTACT 

TGGAAGATGCACCGAATAAAAAATATTGAAGAACAACTAGCAAAAGAT 

TAAGTCTTTATAACATGAGTGAAGCGAATTTTTAAATT^ 

TGTCAAAATTGACGAAGGGGGTTTTTTGGCGCACGCITTTCGTTAGA^ 

TGTATAAGTGCGCOnTTGTTTTGAACTTA 

CCCTTTT AA A'PTTTG AGTG ATTAT A' rTTTTl G AGTTAG AAAAAGGG ATTGGG A A A ATTTCCC A AAATAA 

TTTAAAAAATAAGCAAAAATTTTCGATAGAGAATGTGCTATTTTTTGTCAAAGGTGTAT^ 

TGCTTGCTGTTACATTAAGTTTATTTTTAAGTT^ 

GTCGCTTTATAAAGCTGATTGACTTTTGATTGCAAACTACTTAAAGAAAAC 
TTCTTCTCXTrGGTTTGAACATCAGCAATTATCCCCT 
CAAAAGCTAAAAGCTCCTCTTGGGTTTTAAAACGCTGTGTGGGGCTT 
TGGTTTACTTTTATACTAGCTTCCACCrCGAAAAAAGGlTOT 

GCrGAAAAAATAAGGTATAAGGTGGGCGTTTGAACACGTCCTAGTGAAAATGTACCTTGTACGCCCCT 
TCTGTTGTAAATTTAACGTATACAAAGGGCTTGCGTTCATGCCGATCAACCAATCGGCAATTTGGCGTG 
TTTGCGC1TCTTGATAAAAGGGATAGTAATTCATTC 

CATClTTTrCTAAGCTATTGATCCATAGTClTITAAATGTTTTATCnTTTGAAAAGGC 

GATAATCGACCAGGCGATATTTTCACCTTCTCTGTCGCT^ 

TTGAGAAGTTCTGCAACAATTTTAAACTGCTTTCCCTTATCTm 

GGAAAAATCGGCAAAGATTCAAGTTTCCAATTTTGCCACTTTTCGTCATAATGACCT 

TCCACTAAATGCCCAAAACCAAAGGTGATAAACGTTrCATCrGTAAATAGTGGGTCTTTGATCTCAAA 

ATAACCGTCTTTTTTGGTGCTTTGTTTTAAAGCACrTGCGTAG 

AAAATAACCGTACTCATTAACTATCCCTCTTTTCATTGrillinC 

TGCTCGATACCTTCTAAACGTTCGGCGATTGATC 

TTCAAAAACAAATCGAAAGCATGGATGCGCCGCGTGCGGCTGCTGGAGATGGCGGACGCGATGGATA 
TGTTCTGCCAAGGGTTGGTTTGCGCATTCACAGTTCT^ 

TGGTGAATCCGTTAGCGAGGTGCCGCCGGCTTCCATTCAGGTCGAGGTGGCCCGGCTCCATGCACCGC 
GACGCAACGCGGGGAGGCAGACAAGGTATAGGGCGGCGCCTACAATCCATGCCAACCCGTTCCATGT 
GCTCGCCGAGGCGGCATAAATCGCCGTGACGATCAGCGGTCCAGTGATCGAAGTTAGGCTGGTAAGA 
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FIGURE 32C 

(sequence continued from Figure 32B) 

GCCGCGAGCGATCCTTGAAGCTGTCCCTGATGGTCGTCATCTACCTGCCTGGACAGCATGGCCTGCAA 

CGCGGGCATCCCGATGCCGCCGGAAGCGAGAAGAATCATAATGGGGAAGGCCATCCAGCCTCGCGTC 

GCAATACGACTCACTATAGGGCGAATTGGGTACCGGGCCCCCCCTCGAGGTCGACGGTATCGATAAGC 

1TGATATCGAATTCCTGCAGCCCGGGGGATCCACTAGTTCTAGAGCGGCCGCCACCGCGGTGGAGCTC 

CAG Cllll GTTCCCTTTAGTGAGGGTTAATGCTAGAAATATTTTATCTGATTAATAAGATGA 

AGATCGTTTTGGTCTGCGCGTAATCTCITGCTCT 

GAAGGTTCTCrGAGCI'ACCAACrCriTGAACCGAGGTAACTGGCTTGGAGGAGCGCAGTCACCAAAAC 
TTGTCCTTTCAGTTTAGCCITAACCGGGGCATGACTTCAAGACTAACTCCTCTA^ 

GCTGCTGCCAGTGGTGCTTTTGCATGTCTTTCCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCG 

CAGCGGTCGGACrGAACGGGGGG'riCGIGCATACAGfCCAGCTTGGAGCGAACTGCCTACCCGGAACT 

GAGTGTCAGGCGTGGAATGAGACAAACGCGGCCATAACAGCGGAATGACACCGGTAAACCGAAAGGC 

AGGAACAGGAGAGCGCACGAGGGAGCCGCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGG 

rrrCGCCACCACTGATTTGAGCGTCAGATTTCGTGATGCTTGTCAGGGGGGCGGAGCCTATGGAAAAA 

CGGCTTTGCCGCGGCCCTCTCACTTCCCTGTTAAGTATCTTCCTGGCATCTTCCAGGAAATCTCCGCCCC 

GTTCGTAAGCCATTTCCGCTCGCCGCAGTCGAACGACCGAGCGTAGCGAGTCAGTGAGCGAGGAAGC 

GGAATATATCCTGTATCACATATTCTGCTGACGCACCGGTGCAGCCTTrTTTCTCCTGCCACATGAAGC 

ACTTCACTGACACCCTCATCAGTGCCAACATAGTAAGCCAGTATACACTCCGCTAGCGCTGATGTCCG 

GCGGTGCTTTTGCCGTTACGCACCACCCCGTCAGTAGCTGAACAGGAGGGACAGCTGATAGAAACAGA 

AGCCACTGGAGCACCTCAAAAACACCATCATACACTAAATCAGTAAGTTGGCAGCATCACCCGACGCA 

CTTTGCGCCGAATAAATACCTGTGACGGAAGATCACTTCGCAGAATAAATAAATCCTGGTGTCCCTGT 

TGATACCGGGAAGCCCTGGGCCAACTTTTGGCGAAAATGAGACGTTGATCGGCACGrAAGAGGTTCCA 

ACTTTCACCATAATGAAATAAGATCACTACCGGGCGTATTTTTTGAGTTATCGAGATTTTCAGGAGCTA 

AGGAAGCTAAAATGGAGAAAAAAATCACTGGATATACCACCGTTGATATATCCCAATGGCATCGTAA 

AGAACATTTTGAGGCATTTCAGTCAGTtGCTCAATGTACCTATAACCAGACCGTlCAGCIGGAl 

GGCCTTTTTAAAGACCGTAAAGAAAAATAAGCACAAGTTTTATCCGGCCTTTATTCACATTCTTGCCCG 

CCTGATGAATGCTCATCCGGAATTCCGTATGGCAATGAAAGACGGTGAGCTGGTGATATGGGATAGTG 

TTCACCCTTGTTACACCGTTTTCCATGAGCAAACTGAAACGTTTTCATCGCTCTGGAGTGAATACCACG 

ACGATTTCCGGCAGTTTCTACACATATATTCGCAAGATGTGGCGTGTTACGGTGAAAACCTGGCCTATT 

TCCCTAAAGGGTTTATTGAGAATATGTTTTTCGTCTC^ 

ATTTAAACGTGGCCAATATGGACAACTTCTTCGCCCCCGTTTTCACCATGGGCAAATATTATACGCAAG 

GCGACAAGGTGCTGATGCCGCTGGCGATTCAGGTTCATCATGCCGTCTGTGATGGCTTCCATGTCGGC 

AGAATGCTTAATGAATTACAACAGTACTGCGATGAGTGGCAGGGCGGGGCGTAATTTTTTTAAGGCAG 

TTATTGGTGCCCTTAAACGCCTGGTGCTACGCCTGAATAAGTGATAATAAGCGGATGAATGGCAGAAA 

ITCGAAAGCAAATTCGACCCGGrCGrCGGTrCAGGGCAGGGTCGTTAAATAGCCGCTTATGTCTATTG 

CTGGTTTACCGGTTTATTGACTACCGGAAGCAGTGTGACCGTGTGCTTCTCAAATGCCTGAGGCCAGTT 

TGCTCAGGCTCTCCCCGTGGAGGTAATAATTGACGATATGATCATTTATTCTGCCTCCCAGAGCCTGAT 

AAAAACGG1TAGCGCTTCGTTAATACAGATGTAGGTGTTCCACAGGGTAGCCAGCAGCATCCTGCGAT 

GCAGATCCGGAACATAATGGTGCAGGGCGCTTGTTTCGGCGTGGGTATGGTGGCAGGCCCCGTGGCCG 

GGGGACTGTTGGGCGCTGCCGGCACCTGTCCTACGAGTTGCATGATAAAGAAGACAGTCATAAGTGCG 

GCGACGATAGTCATGCCCCGCGCCCACCGGAAGGAGCTACCGGACAGCGGTGCGGACTGTTGTAACTC 

AGAATAAGAAATGAGGCCGCTCATGGCGTTGACTCTCAGTCATAGTATCGTGGTATCACCGGTTGGTT 

CCACTCTCTGTTGCGGGCAACTTCAGCAGCACGTAGGGGACTTCCGCGTTTCCAGACrriTACGAAACA 

CGGAAACCGAAGACCATfCATGTTGTTGCTCAGGTCGCAGACGTTTTGCAGCAGCAGTCGCTTCACGT 

TCGCTCGCGTATCGGTGATTCATTCTGCTAACCAGTAAGGCAACCCCGCCAGCCTAGCCGGGTCCTCA 

ACGACAGGAGCACGATCATGCGCACCCGTGGCCAGGACCCAACGCTGCCCGA 
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Human Mesothelin Gene 
Codon-Optimized for Expression in Listeria 

ATGGCATTGCCAACTGCACGTCCATTACTAGGTAGTTGCGGTACACCAGCACTAGGT 

TCTTTATTATTTTTGTTATTTTCTCTAGGTTGGGTTCAACCAAGTCGTACATTAGCAG 

GTGAAACAGGTCAAGAAGCAGCACCACTTGACGGTGTATTAACGAATCCACCAAAT 

ATATCAAGTTTAAGTCCACGTCAATTATTAGGTTTTCCATGTGCAGAAGTTTCAGGTT 

TAAGTACAQAACGTGTCCGTGAGTTAGCAGTTGCATTAGCACAAAAAAACGTTAAA 

TTATCTACAGAACAGTTACGTTGTTTAGCCCATAGATTAAGCGAACCACCAGAAGAC 

TTAGATGCACTTCCTTTAGACCTTCTTTTATTCTTAAATCCAGATGCATTTTCAGGAC 

CTCGTGGGGCTCCTGAAAGACAACGTTTATTACCTGCTGCATTAGCATGCTGGGGTG 

TTCGCGGTAGCTTATTAAGTGAAGCCGATGTTCGTGCTTTAGGGGGTTTAGCA1GTG 

ATTTACCTGGTCGTTTCGTTGCAGAATCAGCAGAAGTGTTATTACCGAGATTAGTTTC 

ATGCCCAGGACCTTTAGATCAAGATCAACAAGAGGCAGCTAGAGCAGCTCTTCAAG 

GAGGAGGCCCACCATATGGCCCACCAAGTACATGGAGTGTTTCTACAATGGATGCG 

TTAAGAGGTTTATTACCGGTTTTAGGACAACCAATTATTCGTAGTATTCCACAAGGC 

ATTGTAGCAGCATGGCGTCAACGTAGTTCTCGTGATCCGTCTTGGCGACAACCAGAA 

CGTACAATTCTACGTCCAAGATTTCGTAGAGAAGTAGAAAAAACGGCGTGTCCTAGT 

GGCAAAAAAGCACGTGAAATTGATGAAAGTTTAATTTTTTATAAAAAATGGGAATT 

AGAAGCATGTGTCGATGCAGCATTACTAGCTACACAAATGGATCGTGTTAATGCTAT 

TCCATTCACATATGAACAATTAGATGTTTTAAAGCATAAATTAGACGAATTATATCC 

ACAAGGTTATCCAGAATCAGTTATTCAACATTTAGGTTACTTATTTTTAAAAATGAG 

TCCAGAAGACATACGCAAATGGAATGTTACAAGTTTAGAAACATTAAAAGCGCTTTT 

AGAAGTTAACAAAGGTCATGAAATGAGTCCACAAGTTGCTACGTTAATTGATAGATT 

CGTTAAAGGCCGTGGTCAATTAGATAAAGATACTTTAGATACATTAACAGCATTTTA 

TCCTGGCTACTTATGCAGTTTATCACCAGAAGAATTAAGTTCCGTTCCACCGAGTAG 

TATCTGGGCAGTTCGTCCGCAAGATTTAGATACATGCGACCCACGTCAATTAGATGT 

TTTATATCCAAAAGCAAGATTAGCTTTCCAAAATATGAACGGTAGTGAATATTTCGT 

AAAAATTCAATCCTTTTTAGGTGGTGCACCAACTGAAGATCTAAAAGCATTAAGCCA 

ACAAAATGTAAGTATGGATTTAGCTACGTTTATGAAATTACGTACAGATGCAGTTCT 

ACCATTAACAGTTGCAGAAGTTCAAAAATTATTAGGTCCACACGTAGAAGGATTAA 

AAGCAGAAGAACGTCACCGTCCAGTTCGCGATTGGATTTTACGTCAACGTCAAGATG 

ATTTAGATACATTAGGTTTAGGTTTACAAGGCGGTATTCCGAATGGATATTTAGTGT 

TAGATTTATCTGTrCAAGAAGCATTAAGTGGTACACCGTGTTTATTAGGTCCAGGTC 

CAGTTTTAACAGTGTTAGCATTATTATTAGCCAGTACATTAGCTTAA 



FIGURE 33 
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MALPTARPLLGSCGTPALGSLLFLLFSLGWVQPS 

RTLAGETGQEAAPLDGVLTNPPNISSLSPRQLLG 

FPCAEVSGLSTERVRELAVALAQKNVKLSTEQLR 

CLAHRLSEPPEDLDALPLDLLLFLNPDAFSGPQA 

CTRFFSRITKANVDLLPRGAPERQRLLPAALACW 

GVRGSLLSEADVRALGGLACDLPGRFVAESAEV 

LLPRLVSCPGPLDQDQQEAARAALQGGGPPYGPP 

STWSVSTMDALRGLLPVLGQPIIRSIPQGIVAAW 

RQRSSRDPSWRQPERTILRPRFRREVEKTACPSG 

KKAREIDESLIFYKKWELEACVDAALLATQMDR 

VNAIPFTYEQLDVLKHKLDELYPQGYPESVIQHL 

GYLFLKMSPEDIRKWNVTSLETLKALLEVNKGHE 

MSPQVATLIDRFVKGRGQLDKDTLDTLTAFYPG 

YLCSLSPEELSSVPPSSIWAVRPQDLDTCDPRQL 

D V L Y P K A RLAFQNMNGSEYFVKIQSFLGGAPTED 

L K A-L S Q Q N V S M D L A T F M K L R T D A V L P L T V A E V Q 

KLLGPHVEGLKAEERHRPVRDWILRQRQDDLDT 

LGLGLQGGIPNGYLVLDLSVQEALSGTPCLLGPG 

PVLTVLALLLASTLA 



FIGURE 34 
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Murine Mesothelin Gene 
Codon-Optimized for Expression in Listeria 

ATGGCATTACCAACGGCTCGCCCATTATTAGGTTCTTGTGGTTCACCAATTTGTAGTC 

GCAGTTTTTTATTATTATTACTATCTTTAGGTTGGATTCCGCGTTTACAAACACAAAC 

C A CTA A A AC AAGTC AAG AAGCT AC ATT ATTGC ATGC AGTCAATGGCGC AGCAG ATT 

TTGCAAGTTTACCAACAGGCTTATTTCTTGGTCTTACATGTGAAGAAGTTAGTGATTT 

AAGTATGGAACAAGCAAAAGGTTTAGCGATGGCGGTTCGCCAAAAAAATATTACAT 

TACGTGGTCATCAATTACGTTGTTTAGCACGTCGTTTACCACGACATTTAACAGATG 

AAGAATTAAATGCTCTACCATTAGACTTATTATTATTTTTAAATCCAGCAATGTTTCC 

AGGTCAACAAGCATGTGCCCATTTTTTCAGT1TAATITCGAAAGCAAATGTAGATGT 

TTTACCGAGACGTAGCTTAGAACGTCAACGTCTTTTAATGGAAGCATTAAAATGTCA 

AGGTGTTTATGGTTTCCAAGTTAGTGAAGCAGATGTTCGTGCACTTGGTGGTTTAGC 

TTGTGATTTACCAGGGAAATTTGTAGCACGTTCTAGTGAAGTATTATTACCATGGTT 

AGCAGGTTGTCAAGGTCCATTAGATCAAAGTCAAGAAAAAGCAGTTCGTGAAGTCT 

TACGTAGTGGTCGTACTCAATATGGCCCACCTAGCAAATGGAGTGTTAGTACGTTAG 

ATGCATTACAAAGTTTAGTAGCTGTTTTAGATGAAAGTATTGTTCAGAGTATTCCAA 

AAGATGTGAAAGCAGAGTGGTTACAACATATTTCCCGTGACCCATCTCGTTTAGGTA 

GTAAATTAACAGTTATTCATCCACGTTTTCGCCGCGACGCAGAACAAAAAGCATGTC 

CACCAGGTAAAGAACCATATAAAGTAGATGAAGATTTAATTTTTTATCAGAATTGGG 

AATTAGAAGCCTGTGTTGATGGTACAATGTTAGCACGTCAAATGGATTTAGTTAATG 

AAATTCCATTTACATATGAACAATTAAGTATCTTTAAACATAAATTAGATAAAACAT 

ATCCACAAGGTTATCCAGAATCGTTAA1TCAACAATTAGGTCATTTTTTTCGTTATGT 

TAGTCCAGAAGACATTCATCAATGGAATGTTACAAG rCCAGATACAGTTAAAACTTT 

ATTAAAAGTTAGTAAAGGTCAAAAAATGAATGCTCAAGCAATTGCATTAGTCGCAT 

GTTATTTACGTGGAGGTGGTCAATTAGATGAAGATATGGTTAAAGCATTAGGGGATA 

rrCCATTATCATATTTATGTGATTTCTCCCCACAAGACTTACATTCAGTTCCAAGTAG 

TGTTATGTGGTTAGTTGGTCCACAAGGTTTAGATAAATGTAGTCAACGTCATTTAGG 

TTTACTTTATCAAAAAGCATGTAGTGCGTTTCAAAATGTTAGTGGTTTAGAATATTTT 

GAAAAAATCAAAACATTTTTAGGAGGTGCATCTGTAAAAGATTTACGCGCATTAAGT 

CAACATAATGTAAGTATGGATATCGCAACATTTAAACGTTTACAAGTCGATAGTCTA 

GTTGGTCTTAGTGTAGCAGAAGTTCAAAAATTATTAGGGCCGAATATTGTAGATTTA 

AAAACAGAAGAAGATAAAAGTCCAGTTCGTGACTGGTTATTTCGACAACATCAGAA 

AGACTTAGATCGTCTTGGATTAGGTTTACAAGGTGGTATTCCAAATGGTTATTTAGTT 

TTAGATTTTAATGTACGTGAAGCATTTAGTTCAAGAGCGAGTTTATTAGGTCCAGGT 

TTTGTGTTAATTTGGATTCCAGCATTACTACCAGCACTTCGTTTATCATAA 



FIGURE 35 
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Murine Mesotbelin Primary Amino Acid Sequence 

MALPTARPLLGSCGSPICSRSFLLLLLSLGWIPRL 

QTQTTKTS Q E ATLLHAVNGAADFASLPTGLFLGL 

TCEEVSDLSMEQAKGLAMAVRQKNITLRGHQLR 

CLARRLPRHLTDEELNALPLDLLLFLNPAMFPGQ 

QACAHFFSLISKANVDVLPRRSLERQRLLMEALK 

CQGVYGFQVSEADVRALGGLACDLPGKFVARSS 

EVLLPWLAGCQGPLDQSQEKAVREVLRSGRTQY 

GPPSKWSVSTLDALQSLVAVLDESIVQSIPKDVK 

AEWLQH1SRDPSRLGSKLTVIHPRFRRDAEQKAC 

PPGKEPYKVDEDLTFYQNWELEACVDGTMLARQ 

MDLVNEIPFTYEQLSIFKHKLDKTYPQGYPESLI 

QQLGHFFRYVSPEDIHQWNVTSPDTVKTLLKVSK 

GQKMNAQAIALVACYLRGGGQLDEDMVKALGDI 

PLSYLCDFSPQDLHSVPSSVMWLVGPQGLDKCSQ 

RHLGLLYQKACSAFQNVSGLEYFEKIKTFLGGAS 

V K D LR ALSQHNVSMDIATFKRLQVDSLVGLSVA 

EVQKLLGPNIVDLKTEEDKSPVRDWLFRQHQKD 

LDRLGLGLQGGIPNGYLVLDFNVREAFSSRASLL 

GPGFVLIWIPALLPALRLS 



FIGURE 36 
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Codon-optimized Antigen: *&phA2 

EX2 



Codon-Optimized secAl : 



+ 



Expected mass of EphA2 proteins 
Full-length: 114 kDa 

EphA2 CO: 52 kDa 
EphA2 EX2: 62 kDa 




Ab: Rabbit anti-myc polyclonal antibody 



FIGURE 38 
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RECOMBINANT NUCLEIC ACID MOLECULES, 
EXPRESSION CASSETTES, AND BACTERIA, AND 
METHODS OF USE THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the priority benefit under 
35 U.S.C. §1 19(e) of each of the following U.S. provisional 
applications, the disclosures of each of which are hereby 
incorporated by reference in their entirety herein: U.S. 
provisional application Ser. No. 60/616,750, entitled "Bac- 
terial Expression Cassettes, Bacterial Vaccine Composi- 
tions, and Methods of Use Thereof," by Thomas W. Duben- 
sky, Jr. ct al., filed Oct. 6, 2004 (Docket No. 282173003923); 
U.S. provisional application Ser. No. 60/615,287, entitled 
"Bacterial Expression Cassettes, Bacterial Vaccine Compo- 
sitions, and Methods of Use Thereof," by Thomas W. 
Dubensky, Jr. et al, filed Oct. 1, 2004 (Docket No. 
282173003922); U.S. provisional application Ser. No. 
60/599,377, filed Aug. 5, 2004; U.S. provisional application 
Ser. No. 60/556,744, filed Mar. 26, 2004; U.S. provisional 
application Ser. No. 60/541 ,515, filed Feb. 2, 2004; and U.S. 
provisional application Ser. No. 60/532,598, filed Dec. 24, 
2003. In addition, this application is a continuation-in-part 
of each of the following prior applications, the disclosures of 
each of which are hereby incorporated by reference in their 
entirety herein: International Application No. PCT/US2004/ 
23881, filed Jul. 23, 2004; U.S. patent application Scr. No. 
10/883,599, filed Jun. 30, 2004; U.S. patent application Ser. 
No. 10/773,618, filed Feb. 6, 2004; and U.S. patent appli- 
cation Ser. No. 10/773,792, filed Feb. 6, 2004. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] This invention was made, in part, with government 
support under SBIR Grant No. 1 R43 CA 101421-01, 
awarded by the National Institutes of Health. The govern- 
ment may have certain rights in the invention. 

FIELD OF THE INVENTION 

[0003] The field of this invention relates generally to novel 
polynucleotides and expression cassettes useful for expres- 
sion of polypeptides, including heterologous polypeptides, 
in recombinant bacteria. In particular, this invention relates 
to recombinant bacteria comprising the novel expression 
cassettes and/or nucleic acid molecules which arc useful in 
vaccine compositions. 

BACKGROUND OF THE INVENTION 

[0004] Microbes have begun to be developed for use as 
vaccines that deliver heterologous antigens. Heterologous 
antigen delivery is provided by microbes that have been 
modified to contain nucleic acid sequences encoding a 
protein or antigen originating from a different species. 
Heterologous antigen delivery is especially advantageous 
for treating or preventing diseases or conditions that result 
from especially virulent or lethal sources, such as cancer and 
pathogenic agents (for example, HIV or Hepatitis B), 
wherein injection of a native infectious agent or cancer cell 
is potentially deleterious to the recipient organism, and 
administration of attenuated or killed agent or cell has 
proven unsuccessful in eliciting an effective immune 
response, or where sufficient attenuation of the infectious 



agent or cancer cell cannot be assured with acceptable 
certainty. Recently, certain bacterial strains have been devel- 
oped as recombinant vaccines. For instance, an oral vaccine 
of attenuated Salmonella modified to express Plasmodium 
berghei circumsporozitc antigen has been shown to protect 
mice against malaria (Aggarwal et al. 1990. J. Exp. Med. 
172:1083). 

[0005] Listeria monocytogenes (Listeria) is a Gram -posi- 
tive facultative intracellular bacterium that is being devel- 
oped for use in antigen-specific vaccines due to its ability to 
prime a potent CD4+/CD8+ T-cell mediated response via 
both MHC class I and class II antigen presentation path- 
ways. See, for instance, U.S. Pat. Nos. 6,051,237, 6,565,852, 
and 5,830,702. 

[0006] Listeria has been studied for a number of years as 
a model for stimulating both innate and adaptive T cell- 
dependent antibacterial immunity. The ability of Listeria to 
effectively stimulate cellular immunity is based on its intra- 
cellular lifecycle. Upon infecting the host, the bacterium is 
rapidly taken up by phagocytes including macrophages and 
dendritic cells (DC) into a phagolysosomal compartment. 
The majority of the bacteria are subsequently degraded. 
Peptides resulting from proteolytic degradation of pathogens 
within phagosomes of infected APCs are loaded directly 
onto MHC class II molecules, and the processed antigens arc 
expressed on the surface of the antigen presenting cell via 
the class II endosomal pathway, and these MHC II -peptide 
complexes activate Cl)4+"helper" T cells that stimulate the 
production of antibodies. Within the acidic compartment, 
certain bacterial genes arc activated including the choles- 
terol-dependent cytolysin, LLO, which can degrade the 
phagolysosome, releasing the bacterium into the cytosolic 
compartment of the host cell, where the surviving Listeria 
propagate. Efficient presentation of heterologous antigens 
via the MHC class I pathway requires de novo endogenous 
protein expression by Listeria. Within the cytoplasm of 
antigen presenting cells (APC), proteins synthesized and 
secreted by Listeria are sampled and degraded by the 
protcosomc. The resulting peptides arc shuttled into the 
endoplasmic reticulum by TAP proteins and loaded onto 
MHC class I molecules. The MHC I -peptide complex is 
delivered to the cell surface, which in combination with 
sufficient co-stimulation (signal 2) activates and stimulates 
cytotoxic T lymphocytes (CTLs) having the cognate T cell 
receptor to expand and subsequently recognize the MHC 
I-peptide complex displayed on, for example tumor cells. In 
the appropriate microenvironment, the activated T cell tar- 
gets and kills the cancerous cell. 

[0007] Given the mechanisms by which Listeria programs 
the presentation of heterologous antigens via the MHC class 
I pathway, the efficiency of both expression of heterologous 
genes and secretion of the newly synthesized protein from 
the bacterium into the cytoplasm of the infected (antigen 
presenting) cell is directly related to the potency of CD8+ T 
cell priming and/or activation. Since the level of Ag-specific 
T cell priming is directly related to vaccine efficacy, the 
efficiency of heterologous protein expression and secretion 
is linked directly to vaccine potency. 

[0008] Thus, novel methods arc needed in the art to 
optimize the efficiency of heterologous protein expression 
and secretion to maximize the potency of Listeria-bastd 
vaccines and other bacteria-based vaccines. It would also be 
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beneficial to optimize the efficiency of heterologous protein 
expression and secretion in bacterial host expression sys- 
tems where expression and secretion of large quantities of 
heterologous protein is desired. 

BRIEF SUMMARY OF THE INVENTION 

[0009] The present invention generally provides novel 
polynucleotides including novel recombinant nucleic acid 
molecules, expression cassettes, and vectors for use in 
expressing and/or secreting polypeptides (e.g. heterologous 
polypeptides) in bacteria, especially Listeria. In some 
embodiments, these polynucleotides provide enhanced 
expression and/or secretion of polypeptides in bacteria. The 
present invention also generally provides bacteria compris- 
ing the recombinant nucleic acid molecules, expression 
cassettes, or vectors, as well as pharmaceutical, immuno- 
genic, and vaccine compositions comprising the bacteria. 
These bacteria and compositions are useful in the induction 
of immune responses and in the treatment and/or prevention 
of a wide array of diseases or other conditions, including 
cancer, infections and autoimmunity. 

[0010] In one aspect, the invention provides a recombinant 
nucleic acid molecule, comprising a first polynucleotide 
encoding a signal peptide, wherein the first polynucleotide is 
codon-optimized for expression in a bacterium, and a second 
polynucleotide encoding a polypeptide (e.g., an antigen), 
wherein the second polynucleotide is in the same transla- 
tional reading frame as the first polynucleotide, and wherein 
the recombinant nucleic acid molecule encodes a fusion 
protein comprising the signal peptide and the polypeptide. In 
some embodiments, the second polynucleotide is also 
codon-optimized for expression in bacteria, such as Listeria. 
The invention also provides expression cassettes comprising 
this recombinant nucleic acid molecule and further compris- 
ing a promoter operably linked to the recombinant nucleic 
acid molecule. Vectors and bacteria comprising the recom- 
binant nucleic acid molecules and/or expression cassette are 
also provided, as are pharmaceutical compositions, immu- 
nogenic compositions, and vaccines comprising the bacteria. 
Methods of using the bacteria or compositions comprising 
the bacteria to induce immune responses and/or to prevent or 
treat a condition such as a disease in a host are also provided. 

[0011] In another aspect, the invention provides a recom- 
binant nucleic acid molecule, comprising (a) a first poly- 
nucleotide encoding a signal peptide native to a bacterium, 
wherein the first polynucleotide is codon-optimized for 
expression in the bacterium, and (b) a second polynucleotide 
encoding a polypeptide, wherein the second polynucleotide 
is in the same translational reading frame as the first poly- 
nucleotide, wherein the recombinant nucleic acid molecule 
encodes a fusion protein comprising the signal peptide and 
the polypeptide. In some embodiments, the polypeptide 
encoded by the second polynucleotide is heterologous to the 
signal peptide. In some embodiments, the polypeptide 
encoded by the second polynucleotide is foreign to the 
bacterium. The invention also provides expression cassettes 
comprising this recombinant nucleic acid molecule and 
further comprising a promoter operably linked to the recom- 
binant nucleic acid molecule. Vectors and bacteria compris- 
ing the recombinant nucleic acid molecule and/or expression 
cassette are also provided, as are pharmaceutical composi- 
tions, immunogenic compositions, and vaccines comprising 
the bacteria. Methods of using the bacteria or compositions 



comprising the bacteria to induce an immune response 
and/or to prevent or treat a condition (e.g., a disease) in a 
host are also provided. 

[0012] In another aspect, the invention provides a recom- 
binant Listeria bacterium comprising a recombinant nucleic 
acid molecule, wherein the recombinant nucleic acid mol- 
ecule comprises (a) a first polynucleotide encoding a signal 
peptide, wherein the first polynucleotide is codon-optimized 
for expression in Listeria, and (b) a second polynucleotide 
encoding a polypeptide, wherein the second polynucleotide 
is in the same translational reading frame as the first poly- 
nucleotide, wherein the recombinant nucleic acid molecule 
encodes a fusion protein comprising the signal peptide and 
the polypeptide. In some embodiments, the polypeptide 
encoded by the second polynucleotide is heterologous to the 
signal peptide. In some embodiments, the polypeptide is 
foreign to the Listeria bacterium. In some embodiments, the 
signal peptide is native to Listeria. Pharmaceutical compo- 
sitions, immunogenic compositions, and vaccines, compris- 
ing the Listeria are also provided. Methods of using the 
Listeria (or compositions comprising the Listeria) to induce 
an immune response and/or to prevent or treat a condition 
(e.g., a disease) in a host arc also provided. 

[0013] In another aspect, the invention provides a recom- 
binant nucleic acid molecule, comprising a first polynucle- 
otide encoding a non-secAl bacterial signal peptide, and a 
second polynucleotide encoding a polypeptide (such as an 
antigen), wherein the second polynucleotide is in the same 
translational reading frame as the first polynucleotide, and 
wherein the recombinant nucleic acid molecule encodes a 
fusion protein comprising the signal peptide and the 
polypeptide. In some embodiments, the polypeptide is het- 
erologous to the signal peptide. In some embodiments, the 
first and/or second polynucleotides are codon-optimized for 
expression in bacteria, such as Listeria. The invention also 
provides expression cassettes comprising this recombinant 
nucleic acid molecule and further comprising a promoter 
operably linked to the recombinant nucleic acid molecule. 
Vectors and bacteria comprising the recombinant nucleic 
acid molecule and/or expression cassette are also provided, 
as are pharmaceutical compositions, immunogenic compo- 
sitions, and vaccines comprising the bacteria. Methods of 
using the bacteria or compositions comprising the bacteria to 
induce immune responses and/or to treat a condition such as 
a disease in a host are also provided. 

[0014] In still another aspect, the invention provides a 
recombinant Listeria bacterium comprising a recombinant 
nucleic acid molecule, wherein the recombinant nucleic acid 
molecule comprises (a) a first polynucleotide encoding a 
non-secAl bacterial signal peptide, and (b) a second poly- 
nucleotide encoding a polypeptide either heterologous to the 
signal peptide or foreign to the bacterium, wherein the 
second polynucleotide is in the same translational reading 
frame as the first polynucleotide, wherein the recombinant 
nucleic acid molecule encodes a fusion protein comprising 
the signal peptide and the polypeptide. In some embodi- 
ments, the polypeptide encoded by the second polynucle- 
otide is heterologous to the signal peptide or foreign to the 
bacterium (i.e., heterologous to the bacterium), or both. 
Pharmaceutical compositions, immunogenic compositions, 
and vaccines comprising the Listeria are also provided. 
Methods of using the Listeria (or compositions comprising 
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the Listeria) to induce an immune response and/or to prevent 
or treat a condition (e.g., a disease) in a host are also 
provided. 

[0015] In another aspect, the invention provides a recom- 
binant nucleic acid molecule, wherein the recombinant 
nucleic acid molecule comprises a polynucleotide encoding 
a polypeptide foreign to Listeria (e.g., a cancer or non- 
Listerial infectious disease antigen), wherein the polynucle- 
otide encoding the foreign polypeptide is codon-optimized 
for expression in Listeria. In some embodiments, the recom- 
binant nucleic acid molecule further comprises a polynucle- 
otide that encodes a signal peptide in the same translational 
reading frame as the polynucleotide encoding the polypep- 
tide foreign to Listeria. In some embodiments, the signal 
peptide is native to the Listeria bacterium. In other embodi- 
ments, the signal peptide is foreign to the Listeria bacterium. 
In some embodiments, the polynucleotide encoding the 
signal peptide is also codon-optimized for expression in 
Listeria. Listeria comprising the recombinant nucleic acid 
molecule are also provided. Pharmaceutical compositions, 
immunogenic compositions, and vaccines comprising the 
Listeria are also provided. In addition, the invention pro- 
vides methods of using the recombinant Listeria bacteria to 
induce immune responses and/or to prevent or treat a 
condition (such as, but not limited to, a disease) in a host. 

[0016] In another aspect, the invention provides a recom- 
binant Listeria bacterium comprising an expression cassette, 
wherein the expression cassette comprises a polynucleotide 
encoding a polypeptide foreign to Listeria (e.g., a cancer or 
non-Listerial infectious disease antigen), wherein the poly- 
nucleotide encoding the foreign polypeptide is codon-opti- 
mized for expression in Listeria, and a promoter, operably 
linked to the polynucleotide encoding the foreign polypep- 
tide. In some embodiments, the expression cassette further 
comprises a polynucleotide that encodes a signal peptide (a 
signal peptide cither native or foreign to the Listeria bacte- 
rium) in the same translational reading frame as the poly- 
nucleotide encoding the polypeptide foreign to Listeria and 
operably linked to the promoter so that the expression 
cassette expresses a fusion protein comprising the signal 
peptide and the foreign polypeptide. In some embodiments, 
the polynucleotide encoding the signal peptide is also 
codon-optimized for expression in Listeria. Pharmaceutical 
compositions, immunogenic compositions, and vaccines 
comprising the Listeria arc also provided. In addition, the 
invention provides methods of using the recombinant List- 
eria bacteria to induce immune responses and/or to prevent 
or treat a condition (e.g., a disease) in a host. 

[0017] In another aspect, the invention provides a recom- 
binant nucleic acid molecule, wherein the recombinant 
nucleic acid molecule comprises (a) a first polynucleotide 
encoding a non-Listerial signal peptide, and (b) a second 
polynucleotide encoding a polypeptide that is in the same 
translational reading frame as the first polynucleotide, 
wherein the recombinant nucleic acid molecule encodes a 
fusion protein comprising both the non-Listerial signal pep- 
tide and the polypeptide. The invention also provides an 
expression cassette comprising the recombinant nucleic acid 
molecule, wherein the expression cassette further comprises 
a promoter operably linked to the first and second poly- 
nucleotides of the recombinant nucleic acid molecule. Vec- 
tors comprising the recombinant nucleic acid molecule 
and/or the expression cassette are also provided. In addition, 



a Listeria bacterium comprising the recombinant nucleic 
acid molecule and/or the expression cassette is also pro- 
vided. Pharmaceutical compositions, immunogenic compo- 
sitions, and vaccines, comprising the Listeria bacterium are 
also provided. Methods of using the Listeria bacterium (or 
compositions comprising the Listeria bacterium) to induce 
an immune response and/or to prevent or treat a condition 
(e.g., a disease) in a host are also provided. 

[0018] In a further aspect, the invention provides a recom- 
binant Listeria bacterium comprising a recombinant nucleic 
acid molecule, wherein the recombinant nucleic acid mol- 
ecule comprises (a) a first polynucleotide encoding a non- 
Listerial signal peptide, and (b) a second polynucleotide 
encoding a polypeptide that is in the same translational 
reading frame as the first polynucleotide, wherein the recom- 
binant nucleic acid molecule encodes a fusion protein com- 
prising both the non-Listerial signal peptide and the 
polypeptide. Pharmaceutical compositions, immunogenic 
compositions, and vaccines, comprising the Listeria are also 
provided. Methods of using the listeria (or compositions 
comprising the Listeria) to induce an immune response 
and/or to prevent or treat a condition (e.g., a disease) in a 
host are also provided. 

[0019] In still another aspect, the invention provides a 
Listeria bacterium (for instance, from the species Listeria 
monocytogenes) comprising an expression cassette which 
comprises a first polynucleotide encoding a non-Listerial 
signal peptide, a second polynucleotide encoding a polypep- 
tide (e.g., an antigen) that is in the same translational reading 
frame as the first polynucleotide, and a promoter operably 
linked to both the first and second polynucleotides. The 
expression cassette encodes a fusion protein comprising 
both the non-Listerial signal peptide and the polypeptide. In 
some embodiments, the first and/or second polynucleotides 
are codon-optimized for expression in Listeria. Pharmaceu- 
tical compositions, immunogenic compositions, and vac- 
cines comprising the Listeria are also provided. In addition, 
the invention provides methods of using the recombinant 
Listeria bacteria to induce immune responses and/or to 
prevent or treat a condition (e.g., a disease) in a host. 

[0020] The invention also provides a recombinant nucleic 
acid molecule, comprising (a) a first polynucleotide encod- 
ing a bacterial autolysin, or a catalytically active fragment or 
catalytically active variant thereof, and (b) a second poly- 
nucleotide encoding a polypeptide, wherein the second 
polynucleotide is in the same translational reading frame as 
the first polynucleotide, wherein the recombinant nucleic 
acid molecule encodes a protein chimera comprising the 
polypeptide encoded by the second polynucleotide and the 
autolysin, or catalytically active fragment or catalytically 
active variant thereof, wherein, in the protein chimera, the 
polypeptide is fused to or is positioned within the autolysin, 
or catalytically active fragment or catalytically active variant 
thereof. Vectors and bacteria comprising the recombinant 
nucleic acid molecule and/or expression cassette are also 
provided, as arc pharmaceutical compositions, immuno- 
genic compositions, and vaccines, comprising the bacteria. 
Methods of using the bacteria or compositions comprising 
the bacteria to induce immune responses and/or to treat a 
condition such as a disease in a host arc also provided. 

[0021] In another aspect, the invention provides a recom- 
binant nucleic acid molecule, wherein the nucleic acid 
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molecule encodes at least two discrete non-Listerial 
polypeptides. The invention further provides an expression 
cassette comprising the recombinant nucleic acid molecules 
and further comprising a promoter, wherein the promoter is 
opcrably linked to the recombinant nucleic acid molecule. 
Vectors comprising the recombinant nucleic acid molecule 
and/or expression cassette are further provides. In addition 
a recombinant Listeria bacterium comprising the recombi- 
nant nucleic acid molecule (and/or the expression cassette) 
is also provided. Pharmaceutical compositions, immuno- 
genic compositions, and vaccines, comprising the Listeria 
are also provided. Methods of using the Listeria (or com- 
positions comprising the Listeria) to induce an immune 
response and/or to prevent or treat a condition (e.g., a 
disease) in a host are also provided. 

[0022] In an additional aspect, the invention provides a 
recombinant Listeria bacterium comprising a polycistronic 
expression cassette, wherein the polycistronic expression 
cassette encodes at least two discrete non-Listerial polypep- 
tides. Pharmaceutical compositions, immunogenic compo- 
sitions, and vaccines, comprising the Listeria arc also pro- 
vided. Methods of using the Listeria (or compositions 
comprising the Listeria) to induce an immune response 
and/or to prevent or treat a condition (e.g., a disease) in a 
host are also provided. 

[0023] In other aspects, the invention provides a recom- 
binant nucleic acid molecule, comprising (a) a first poly- 
nucleotide encoding a signal peptide, (b) a second poly- 
nucleotide encoding a secreted protein, or a fragment 
thereof, wherein the second polynucleotide is in the same 
translational reading frame as the first polynucleotide, and 
(c) a third polynucleotide encoding a polypeptide heterolo- 
gous to the secreted protein, or fragment thereof, wherein 
the third polynucleotide is in the same translational reading 
frame as the first and second polynucleotides, wherein the 
recombinant nucleic acid molecule encodes a protein chi- 
mera comprising the signal peptide, the polypeptide encoded 
by the third polynucleotide, and the secreted protein, or 
fragment thereof, and wherein the polypeptide encoded by 
the third polynucleotide is fused to the secreted protein, or 
fragment thereof, or is positioned within the secreted pro- 
tein, or fragment thereof, in the protein chimera. An expres- 
sion cassette comprising the recombinant, nucleic acid mol- 
ecule and further comprising a promoter operably linked to 
the first, second, and third polynucleotides of the recombi- 
nant nucleic acid molecule is also provided. Vectors and 
bacteria comprising the recombinant nucleic acid molecule 
and/or expression cassette are also provided, as are phar- 
maceutical compositions, immunogenic compositions, and 
vaccines, comprising the bacteria. Methods of using the 
bacteria or compositions comprising the bacteria to induce 
an immune response and/or to prevent or treat a condition in 
a host are also provided. 

[0024] In some embodiments, the methods of inducing an 
immune response in a host to an antigen comprise admin- 
istering to the host an effective amount of a composition 
comprising a recombinant bacterium described herein (e.g., 
in any of the aspects above, or in the Detailed Description 
of the Invention or Examples, below) to the host, wherein a 
polypeptide encoded by the recombinant nucleic acid mol- 
ecule, expression cassette, and/or vector in the bacterium 
comprises the antigen. In some embodiments, the methods 
of preventing or treating a condition, such as a disease, in a 



host comprise administering to the host an effective amount 
of a composition comprising a recombinant bacterium 
described herein to the host. 

[0025] The invention, further provides the use of a recom- 
binant bacterium described herein (e.g., in any of the aspects 
above, or in the Detailed Description of the Invention or 
Examples, below) in the manufacture of a medicament for 
inducing an immune response in a host to an antigen, 
wherein a polypeptide encoded by the recombinant nucleic 
acid molecule, expression cassette, and/or vector in the 
bacterium comprises the antigen. In some embodiments, the 
antigen is a heterologous antigen. The invention also pro- 
vides the use of a recombinant bacterium described herein in 
the manufacture of a medicament for preventing or treating 
a condition in a host (e.g., a disease such as cancer or an 
infectious disease). The invention further provides the 
recombinant bacteria described herein for use in inducing an 
immune response in a host to an antigen, wherein a polypep- 
tide encoded by the recombinant nucleic acid molecule, 
expression cassette, and/or vector in the bacterium com- 
prises the antigen. The invention further provides the recom- 
binant bacteria described herein for use in the prevention or 
treatment of a condition (such as a disease) in a host. 

[0026] In further aspects, the invention provides improved 
methods of expressing and secreting heterologous proteins 
in host bacteria. 

[0027] Methods of making bacteria comprising each of the 
recombinant nucleic acid molecules and expression cas- 
settes described above are also provided. Methods of using 
the bacteria to produce vaccines are also provided. 

[0028] The invention further provides a variety of poly- 
nucleotides encoding signal peptides and/or antigens, 
including the polynucleotides which have been codon-opti- 
mized for expression in Listeria monocytogenes. 

DRAWINGS 

[0029] FIG. 1 shows the hly promoter alignment for the 
Listeria monocytogenes DP-L4056 (SEQ ID NO:l) (bottom 
sequence) and EGD strains (SEQ ID NO:2) (top sequence). 

[0030] FIG. 2 shows the sequence (SEQ ID NC>:3) of a 
polynucleotide encoding a fusion protein comprising the 
LLO signal peptide, LLO PEST sequence, and the full- 
length human EphA2 antigen. 

[0031] FIG. 3 shows the sequence (SEQ ID NO:4) of the 
fusion protein encoded by the polynucleotide shown in FIG. 
2. 

[0032] FIG. 4 shows the native nucleotide sequence (SEQ 
ID NO:5) that encodes the human EphA2 extracellular 
domain (EX2). 

[0033] FIG. 5 shows a nucleotide sequence (SEQ ID 
NO:6) encoding the human EphA2 extracellular domain that 
has been codon-optimized for expression in Listeria mono- 
cytogenes. 

[0034] FIG. 6 shows the amino acid sequence (SEQ ID 
NO:7) of the human EphA2 extracellular domain (EX2). 

[0035] FIG. 7 shows a non-codon optimized polynucle- 
otide sequence (SEQ ID NO:8) encoding a fusion protein 
comprising an LLO signal peptide, LLO PEST sequence and 
the extracellular domain of human EphA2. 
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[0036] FIG. 8 shows the sequence (SEQ ID NO:9) of the 
fusion protein encoded by the coding sequence shown in 
FIG. 7. 

[0037] FIG. 9 shows an expression cassette (SEQ ID 
NO: 10) comprising the hly promoter and encoding a fusion 
protein comprising an LLO signal peptide, LLO PEST 
sequence and the extracellular domain of human EphA2. In 
this sequence, the sequence encoding the human EphA2 
extracellular domain is codon-optimized for expression in 
Listeria monocytogenes. 

[0038] FIG. 10 shows the amino acid sequence (SEQ ID 
NO: 11) encoded by the expression cassette of FIG. 9. 

[0039] FIG. 11 shows an expression cassette (SEQ ID 
NO: 12) comprising the hly promoter and encoding a fusion 
protein comprising an LLO signal peptide, LLO PEST 
sequence and the extracellular domain of human EphA2. In 
this sequence, the sequences encoding the LLO signal 
peptide, LLO PEST, and human EphA2 extracellular 
domain have all been codon-optimized for expression in 
Listeria monocytogenes. 

[0040] FIG. 12 shows the amino acid sequence (SEQ ID 
NO: 13) encoded by the expression cassette of FIG. 11. 

[0041] FIG. 13 shows an expression cassette (SEQ ID 
NO: 14) comprising the hly promoter and encoding a fusion 
protein comprising the phoD Tat signal peptide and the 
extracellular domain of human EphA2. In this sequence, the 
sequences encoding the phoD Tat signal peptide and human 
EphA2 extracellular domain have both been codon-opti- 
mized for expression in Listeria monocytogenes. 

[0042] FIG. 14 shows the amino acid sequence (SEQ ID 
NO: 15) encoded by the expression cassette of FIG. 13. 

[0043] FIG. 15 shows the native nucleotide sequence 
(SEQ ID NO: 1 6) that encodes the human EphA2 intracel- 
lular domain (CO). 

[0044] FIG. 16 shows a nucleotide sequence (SEQ ID 
NO: 17) encoding the human EphA2 intracellular domain 
that has been codon-optimized for expression in Listeria 
monocytogenes. 

[0045] FIG. 17 shows the amino acid sequence (SEQ ID 
NO: 18) of the human EphA2 intracellular domain (EX2). 

[0046] FIG. 18 shows a non-codon optimized polynucle- 
otide sequence (SEQ ID NO: 19) encoding a fusion protein 
comprising an LLO signal peptide, LLO PEST sequence and 
the intracellular domain of human EphA2. 

[0047] FIG. 19 shows the sequence (SEQ ID NO:20) of 
the fusion protein encoded by the coding sequence shown in 
FIG. 18. 

[0048] FIG. 20 shows an expression cassette (SEQ ID 
N():21) comprising the hly promoter and encoding a fusion 
protein comprising an LLO signal peptide, LLO PEST 
sequence and the intracellular domain of human EphA2. In 
this sequence, the sequence encoding the human EphA2 
intracellular domain is codon-optimized for expression in 
/, isteria monocytogenes. 

[0049] FIG. 21 shows the amino acid sequence (SEQ ID 
NO: 22) encoded by the expression cassette of FIG. 20. 



[0050] FIG. 22 shows an expression cassette (SEQ ID 
NO:23) comprising the hly promoter and encoding a fusion 
protein comprising an LLO signal peptide, LLO PEST 
sequence and the intracellular domain of human EphA2. In 
this sequence, the sequences encoding the LLO signal 
peptide, LLO PEST, and human EphA2 intracellular domain 
have all been codon-optimized for expression in Listeria 
monocytogenes. 

[0051] FIG. 23 shows the amino acid sequence encoded 
(SEQ ID NO:24) by the expression cassette of FIG. 22. 

[0052] FIG. 24 shows an expression cassette (SEQ ID 
NO:25) comprising the hly promoter and encoding a fusion 
protein comprising a phoD Tat signal peptide and the 
intracellular domain of human EphA2. In this sequence, the 
sequences encoding both the phoD Tat signal peptide and 
human EphA2 intracellular domain have been codon-opti- 
mized for expression in Listeria monocytogenes. 

[0053] FIG. 25 shows the amino acid sequence (SEQ ID 
NO:26) encoded by the expression cassette of FIG. 24. 

[0054] FIG. 26 shows a codon-optimized expression cas- 
sette (SEQ ID NO:27) comprising the hly promoter and 
encoding a fusion protein comprising an LLO signal peptide 
and the NY-ESO-l antigen. Both the sequences encoding the 
signal peptide and the antigen are codon-optimized for 
expression in Listeria monocytogenes. 

[0055] FIG. 27 shows the amino acid sequence (SEQ ID 
NO:28) encoded by the expression cassette of FIG. 26. 

[0056] FIG. 28 shows a polynucleotide (SEQ ID NO:29) 
comprising the hly promoter operably linked to a codon- 
optimized sequence encoding a Usp45 signal peptide. 

[0057] FIG. 29 shows a polynucleotide (SEQ ID NO:30) 
comprising the hly promoter operably linked to a native 
sequence encoding a p60 signal peptide. 

[0058] FIG. 30 shows a polynucleotide (SEQ ID NO:31) 
comprising the hly promoter operably linked to a codon- 
optimized sequence encoding a p60 signal peptide. 

[0059] FIG. 31 shows the sequence (SEQ ID NO:32) of an 
hlyP-p60 gene fragment. 

[0060] FIG. 32 (includes FIG. 32A, 32B, and 32C) shows 
the sequence (SEQ ID NO:33) of pAM40l-MCS, the 
pAM40l plasmid containing a multiple cloning site (MCS) 
from pPL2 vector 

[0061] FIG. 33 shows the coding sequence (SEQ II) 
NO:34) for human mesothelin which has been codon-opti- 
mized for expression in Listeria monocytogenes. 

[0062] FIG. 34 shows the amino acid sequence of human 
mesothelin (SEQ ID NO:35). 

[0063] FIG. 35 shows the coding sequence (SEQ ID 
NO:36) for murine mesothelin which has been codon- 
optimized for expression in Listeria monocytogenes. 

[0064] FIG. 36 shows the amino acid sequence (SEQ ID 
N():37) of murine mesothelin. 

[0065] FIG. 37 shows a Western blot analysis of secreted 
protein from recombinant Listeria encoding a native EpliA2 
CO domain sequence. 
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[0066] FIG. 38 shows a Western blot analysis of secreted 
protein from recombinant Listeria encoding native or codon- 
optimized LLO secAl signal peptide fused with eodon- 
optimized EphA2 EX2 domain sequence. 

[0067] FIG. 39 shows a Western blot analysis of secreted 
protein from recombinant Listeria encoding native orcodon- 
optimized LLO secAl signal peptide or codon-optimized 
Tat signal peptide fused with codon-optimized EphA2 CO 
domain sequence. 

[0068] FIG. 40 shows a Western blot analysis of lysate 
from 293 cells 48 hr following transfection with pCDNA4 
plasmid DNA encoding full-length native EphA2 sequence. 

[0069] FIG. 41 is a graph showing that immunization of 
Balb/C mice bearing CT26.24 (huEphA2+) lung tumors 
with recombinant Listeria encoding OYA.AH1 or 
OVA.AH1-A5 confers long-term survival. 

[0070] FIG. 42 is a graph showing the increased survival 
of Balb/C mice bearing CT26.24 (huEphA2+) lung tumors 
when immunized with recombinant Listeria encoding 
codon-optimized secAl signal peptide fused with codon- 
optimized EphA2 EX2 domain sequence. 

[0071] FIG. 43 is a graph showing that immunization of 
Balb/C mice bearing CT26.24 (huEphA2+) lung tumors 
with recombinant Listeria encoding EphA2 CO domain 
confers long-term survival. 

[0072] FIG. 44 is a graph showing that immunization of 
Balb/C mice bearing CT26.24 (huEphA2+) lung tumors 
with recombinant Listeria encoding EphA2 CO domain but 
not with plasmid DNA encoding full-length EphA2 confers 
long-term survival. 

[0073] FIG. 45 is a graph showing that Listeria expressing 
hEphA2 elicits an EphA2 specific CD8+ T cell response. 

[0074] FIG. 46 is a graph showing that both CD4+ and 
CD8+ T cell responses contribute to the hEphA2-directed 
anti-tumor efficacy of Listeria expressing liEphA2. 

[0075] FIG. 47 shows the sequence (SEQ ID NO:38) of 
the Listeria monocytogenes strain 10403S hly promoter 
operably linked to Protective Antigen signal peptide from B. 
anthraciSy codon-optimized for secretion in Listeria mono- 
cytogenes. Six additional nucleotides (5 f -G(iATCC-3') cor- 
responding to the Bam HI restriction enzyme recognition 
site were included at the carboxy terminus of the signal 
peptide sequence, facilitating operable in-frame linkage to 
any selected coding sequence. The 5' end of the hly promoter 
contains a unique Kpn I restriction enzyme recognition site. 

[0076] FIG. 48 shows the efficient expression and secre- 
tion of full-length human tumor antigens from recombinant 
Listeria. FIG. 48A shows mesothelin expression/secretion 
with constructs consisting of LLO signal peptide fused with 
human mesothelin, using native codons. FIG. 48B shows 
mesothelin expression/secretion with constructs comprising 
various signal peptides fused with human mesothelin codon- 
optimized for expression in Listeria. FIG. 48C shows the 
expression/secretion of NY-ESO-1 with constructs compris- 
ing codon-optimized LLO signal peptide fused with human 
mesothelin codon-optimized NY-ESO-1. 

[0077] FIG. 49 shows the coding sequences of 
P hEphA2KD (SEQ ID N0:39). 



[0078] FIG. 50 shows the Mlu I subfragment (SEQ ID 
NO:40) of codon-optimized human EphA2 containing the 
actA-plcB intergenic region. 

[0079] FIG. 51 shows the sequence (SEQ ID NO:41) of 
the hly promoter-70 N-terminal p60 amino acids. 

[0080] FIG. 52 shows the KpnI-BamHI sub-fragment 
(SEQ ID NO:42) of plasmid P PL2-hlyP-Np60 CodOp(l- 
77). 

[0081] FIG. 53 shows the KpnI-BamHI sub-fragment 
(SEQ ID NO:43) of plasmid P PL2-hlyP-Np6() CodOp(l- 
77)-Mesothelin. 

[0082] FIG. 54 shows the KpnI-BamHI sub-fragment 
(SEQ ID NO:44) of plasmid pPL2-hlyP-Np60 CodOp(l- 
77)-Mesothelin ASP/AGPI. 

[0083] FIG. 55 shows the Western blot analysis of the 
expression and secretion of antigens from recombinant 
Listeria comprising antigen-bacterial protein chimeras. 

[0084] FIG. 56 shows the Western blot analysis of the 
expression of the intracellular domain (I CD) of EphA2 from 
a bicistronic message. 

[0085] FIG. 57 shows the Western blot analysis of the 
plasmid based expression and secretion of murine mesothe- 
lin as a function of N-terminal fusion with various codon- 
optimized signal peptides as evidenced in different bacterial 
fractions: secreted protein (FIG. 57 A); cell wall (FIG. 57B); 
and cell lysate (FIG. 57C). 

[0086] FIG. 58 shows the Western blot analysis of chro- 
mosomal-based expression and secretion of human 
mesothelin in Listeria monocytogenes. Western blot analysis 
of mesothelin expression in various bacterial cell fractions, 
with results from control Listeria (not encoding mesothelin) 
and Listeria encoding mesothelin expressed from the indi- 
cated signal sequences, is shown. 

[0087] FICS. 59A and 59B are graphs showing the deliv- 
ery of a heterologous antigen (AH1-A5) to MHC Class I 
pathway by a Listeria vaccine. The Listeria vaccine com- 
prised Listeria expressing a p60-AHl-A5 protein chimera 
(AH1-A5 embedded in p60) (FIG. 59A) ox Listeria express- 
ing a fusion protein comprising an LLO signal peptide and 
AH1-A5 (FIG. 59B). 

[0088] FIGS. 60A and 60B are graphs showing the List- 
eria vaccine mediated delivery of bacteria-specific antigens 
to MHC Class I pathway, where the vaccine comprised 
Listeria expressing a p60-AHl-A5 protein chimera (AH1- 
A5 embedded in p60) (FIG. 60A) or Listeria expressing a 
fusion protein comprising an LLO signal peptide and AH1- 
A5 (FIG. 60B), and where the lest peptides added to the cell 
based assay were no test peptide (unstimulated) (FIG. 60A), 
LL0 9J 99 (FIG. 60A), no test peptide (FIG. 60B), or p60, j7 . 
225 (FIG. 60B) 

[0089] FIG. 61 is a graph showing the therapeutic efficacy 
of Listeria expressing human mesothelin in vaccinated 
tumor-bearing animals, where tumor cells were engineered 
to express human mesothelin. 

[0090] FIG. 62 is a graph showing the reduction in lung 
tumor nodule level in tumor-bearing mice vaccinated with 
Listeria expressing human mesothelin, where the tumor 
cells were engineered to express human mesothelin. 
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[0091] FIG. 63 is a graph showing a control study using 
CT.26 parental target cells, i.e., cells not engineered to 
express human mesothelin, that demonstrates the anti-tumor 
efficacy of Lm-Meso vaccination is mesothelin specific. 

[0092] FIG. 64 is a graph showing that vaccination with 
Listeria expressing codon optimized human mesothelin 
reduces tumor volume. 

[0093] FIG. 65 shows the results of ELISPOT experi- 
ments which show the immunogenicity of a Listeria AactA/ 
AinlB-hMesothelin strain where the nucleic acid encoding 
hMesothelin has been integrated into the Listeria genome. 

DETAILED DESCRIFHON OF THE 
INVENTION 

[0094] I. Introduction 

[0095] The present invention provides a variety of poly- 
nucleotides including recombinant nucleic acid molecules, 
expression cassettes, and expression vectors useful for 
expression and/or secretion of polypeptides, including het- 
erologous polypeptides (e.g. antigens and/or mammalian 
proteins), in bacteria, such as Listeria. In some embodi- 
ments, these polynucleotides can be used for enhanced 
expression and/or secretion of polypeptides in bacteria. 
Some of the expression cassettes comprise codon-optimized 
coding sequences for the polypeptide and/or for the signal 
peptide. In addition, some of the expression cassettes for use 
in bacteria contain signal peptide sequences derived from 
other bacterial sources and/or from a variety of different 
secretory pathways. Bacteria comprising the expression 
cassettes are also provided, as are compositions, such as 
vaccines, containing the bacteria. Methods of using the 
polynucleotides, bacteria, and compositions to induce an 
immune response and/or to prevent or treat a condition, such 
as a disease (e.g. cancer), in a host are also provided. 

[0096] The invention is based, in part, on the discovery 
that codon-optimization of the signal peptide sequence in an 
expression cassette enhances the expression and/or secretion 
of a heterologous polypeptide (such as an antigen) from 
recombinant bacteria (particularly in combination with 
codon-optimization of the heterologous polypeptide), even 
when the signal peptide sequence is native to the bacteria 
(see, e.g., Examples 19 and 27, below). Additionally, it has 
been discovered that signal peptide sequences from non- 
sec A 1 secretory pathways and/or signal peptide sequences 
from non-Listerial bacterial sources can also be used to 
effect efficient expression and/or secretion of heterologous 
polypeptides from Listeria (see, e.g., Examples 19, 27, and 
30 below). The invention is also based, in part, on the 
additional discovery that codon-optimization of the coding 
sequences of heterologous polypeptides enhances expres- 
sion and/or secretion of the heterologous polypeptides in 
Listeria (see e.g., Example 19, below). Enhanced expression 
and/or secretion of the heterologous protein obtained 
through optimization of the expression cassette has also 
been shown to lead to enhanced immunogenicity of the 
bacteria comprising the optimized expression cassettes (see, 
e.g., Example 20, below). In addition, expression cassettes 
encoding protein chimeras comprising a heterologous anti- 
gen embedded within an autolysin have been shown to 
useful in effecting efficient expression and secretion of a 
heterologous antigen in Listeria (see, e.g., Example 29, 
below). The autolysin protein chimeras have also been 



shown to be immunogenic (see, e.g., Example 31 A, below). 
In addition, Listeria comprising codon-optimized expres- 
sion cassettes and/or expression cassettes comprising non- 
Listerial signal peptides have also been shown to be immu- 
nogenic, reduce tumor volume, and increase survival in a 
mouse model (see, e.g., Examples 31B-E, below). 

[0097] Accordingly, in one aspect, the invention provides 
a recombinant nucleic acid molecule, comprising a first 
polynucleotide encoding a signal peptide, wherein the first 
polynucleotide is codon-optimized for expression in a bac- 
terium, and a second polynucleotide encoding a polypeptide 
(e.g., an antigen), wherein the second polynucleotide is in 
the same translational reading frame as the first polynucle- 
otide, and wherein the recombinant nucleic acid molecule 
encodes a fusion protein comprising the signal peptide and 
the polypeptide. In some embodiments, the second poly- 
nucleotide is codon-optimized as well (typically for expres- 
sion in the same type of bacteria as the first polynucleotide). 
In some embodiments, the first polynucleotide or the first 
and second polynucleotides are codon-optimized for expres- 
sion in Listeria, Bacillus, Yersinia pestis, Salmonella, Shi- 
gella, Brucella, mycobacteria or E. coli. In some embodi- 
ments, the polynucleotide(s) is codon-optimized for 
expression in Listeria, such as Listeria monocytogenes. In 
some embodiments, the polypeptide encoded by the second 
polynucleotide is (or comprises) an antigen, which, in some 
instances, may be a non-bacterial antigen. For instance, the 
antigen is, in some embodiments a tumor-associated antigen 
or is derived from such a tumor-associated antigen. For 
instance, in some embodiments, the antigen is K-Ras, 
Il-Ras, N-Ras, 12-K-Ras, mesothelin, PSCA, NY-ESO-1, 
WT-1, survivin, gplOO, PAP, proteinase 3, SPAS-1, SP-17, 
PAGE-4, TARP, or CEA, or is derived from K-Ras, II-Ras, 
N-Ras, 12-K-Ras, mesothelin, PSCA, NY-ESO-1, WT-1, 
survivin, gplOO, PAP, proteinase 3, SPAS-1, SP-17, PAGE- 
4, TARP, or CEA. For instance, in some embodiments, the 
antigen is mesothelin, or an antigenic fragment or antigenic 
variant of mesothelin. In some other embodiments, the 
antigen is NY-ESO-1, or an antigenic fragment or antigenic 
variant of NY-ESO-1. In some embodiments, the antigen is 
an infectious disease antigen or is derived from an infectious 
disease antigen. In some embodiments, the signal peptide is 
bacterial (Listerial or non-Listerial). In some embodiments, 
the signal peptide encoded by the codon-optimized first 
polynucleotide is native to the bacterium. In other embodi- 
ments, the signal peptide encoded by the codon-optimized 
first polynucleotide is foreign to the bacterium. In some 
embodiments, the signal peptide is a secAl signal peptide, 
such as an LLO signal peptide from Listeria monocytogenes, 
a Usp45 signal peptide from Lactococcus lactis, or a Pro- 
tective Antigen signal peptide from Bacillus anthracis. In 
some embodiments, the signal peptide is a secA2 signal 
peptide. For instance, the signal peptide may be the p60 
signal peptide from Listeria monocytogenes. In addition, I he 
recombinant nucleic acid molecule optionally comprises a 
third polynucleotide sequence encoding p60, or a fragment 
thereof, in the same translational reading frame as the first 
and second polynucleotides, wherein the second polynucle- 
otide is positioned within the third polynucleotide or 
between the first and third polynucleotides. In still further 
embodiments, the signal peptide is a Tat signal peptide, such 
as a B. subtilis Tat signal peptide (e.g., PhoD). The invention 
also provides expression cassettes comprising the recombi- 
nant nucleic acid molecule and further comprising a pro- 
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moter operably linked to the recombinant nucleic acid 
molecule (e.g., to the first and second polynucleotides (and 
third polynucleotide, if present)). Expression vectors and 
recombinant bacteria (e.g. Listeria) comprising the expres- 
sion cassette arc also provided, as arc pharmaceutical com- 
positions, immunogenic compositions, and vaccines, com- 
prising the bacteria. Methods of using the bacteria or 
compositions comprising the bacteria to induce an immune 
response and/or prevent or treat a condition, such as a 
disease, arc also provided. The use of the bacterium in the 
manufacture of a medicament for inducing an immune 
response in a host to an antigen, wherein the polypeptide 
encoded by the second polynucleotide comprises the antigen 
is also provided. 

[0098] In a second aspect, the invention provides a recom- 
binant nucleic acid molecule, comprising (a) a first poly- 
nucleotide encoding a signal peptide native to a bacterium, 
wherein the first polynucleotide is codon-optimized for 
expression in the bacterium, and (b) a second polynucleotide 
encoding a polypeptide, wherein the second polynucleotide 
is in the same translational reading frame as the first poly- 
nucleotide, wherein the recombinant nucleic acid molecule 
encodes a fusion protein comprising the signal peptide and 
the polypeptide. In some embodiments, the polypeptide 
encoded by the second polynucleotide is heterologous to the 
signal peptide. In some embodiments, the second polynucle- 
otide is heterologous to the first polynucleotide. In some 
embodiments, the polypeptide is foreign to the bacterium to 
which the signal peptide is native. In some embodiments, the 
polypeptide encoded by the second polynucleotide is heter- 
ologous to the signal peptide, foreign to the bacterium, or 
both. In some embodiments, the bacterium from which the 
signal peptide is derived is an intracellular bacterium. In 
some embodiments, the bacterium is selected from the group 
consisting of Listeria, Bacillus, Yersinia pestis, Salmonella, 
Shigella, Brucella, mycobacteria and E. coli. In some 
embodiments the bacterium is a Listeria bacterium (e.g., 
Listeria monocytogenes). In some embodiments, second 
polynucleotide is codon-optimized for expression in the 
bacterium. In some embodiments, the codon-oplimization of 
the first and/or second polynucleotide enhances expression 
in and/or secretion from the bacterium of the encoded fusion 
protein (relative to the non-codon-optimized sequence). In 
some embodiments, the polypeptide encoded by the second 
polynucleotide comprises an antigen. The polypeptide 
encoded by the second polynucleotide is an antigen. In some 
embodiments, the antigen is a non -bacterial antigen. In some 
embodiments, the antigen is a tumor-associated antigen or 
comprises an antigen derived from a tumor-associated anti- 
gen. In some embodiments, the antigen is selected from the 
group consisting of K-Ras, II-Ras, N-Ras, 12-K-Ras, 
mesothelin, PSCA, NY-ESO-1, VVT-1, survivin, gplOO, PAP, 
proteinase 3, SPAS-1, SP-17, PAGE-4, TARP, and CEA, or 
is derived from an antigen selected from the group consist- 
ing of K-Ras, H-Ras, N-Ras, 12-K-Ras, mesothelin, PSCA, 
NY-ESO-1, VVT-1, survivin, gplOO, PAP, proteinase 3, 
SPAS-1, SP-17, PAGE-4, TARP, and CEA. For instance, in 
some embodiments, the antigen is mesothelin, or an anti- 
genic fragment or variant thereof, or is NY-ESO-1, or an 
antigenic fragment or variant thereof. In some alternative 
embodiments, the antigen is an infectious disease antigen or 
is derived from an infectious disease antigen. In some 
embodiments, the signal peptide is a secAl signal peptide 
(e.g., LLO signal peptide from Listeria monocytogenes). In 



some embodiments, the signal peptide is a secA2 signal 
peptide (e.g., p60 signal peptide from Listeria monocytoge- 
nes). An expression cassette comprising the recombinant 
nucleic acid molecule and further comprising a promoter 
operably linked to the first and second polynucleotides of the 
recombinant nucleic acid molecule is also provided. An 
expression vector comprising the expression cassette is also 
provided. A recombinant bacterium comprising the recom- 
binant nucleic acid molecule, wherein the first polynucle- 
otide is codon-optimized for expression in the recombinant 
bacterium is also provided. In some embodiments, the 
recombinant bacterium is an intracellular bacterium. In 
some embodiments, the recombinant bacterium is selected 
from the group consisting of Listeria, Bacillus, Yersinia 
pestis, Salmonella, Shigella, Brucella, mycobacteria and E. 
coli. In some embodiments, the bacterium is a recombinant 
Listeria bacterium (e.g., a recombinant Listeria monocyto- 
genes bacterium). An immunogenic composition comprising 
the recombinant bacterium, wherein the polypeptide 
encoded by the second polynucleotide is an antigen is 
further provided. Methods of inducing an immune response 
in a host to. an antigen comprising administering to the host 
an effective amount of a composition comprising the recom- 
binant bacterium, wherein the polypeptide encoded by the 
second polynucleotide is (or comprises) the antigen, are also 
provided. The use of the bacterium in the manufacture of a 
medicament for inducing an immune response in a host to an 
antigen, wherein the polypeptide encoded by the second 
polynucleotide comprises the antigen is also provided. 

[0099] In a third aspect, the invention provides a recom- 
binant Listeria bacterium (e.g., Listeria monocytogenes) 
comprising a recombinant nucleic acid molecule, wherein 
the recombinant nucleic acid molecule comprises (a) a first 
polynucleotide encoding a signal peptide, wherein the first 
polynucleotide is codon-optimized for expression in the 
Listeria bacterium, and (b) a second polynucleotide encod- 
ing a polypeptide, wherein the second polynucleotide is in 
the same translational reading frame as the first polynucle- 
otide, wherein the recombinant nucleic acid molecule 
encodes a fusion protein comprising the signal peptide and 
the polypeptide. In some embodiments, the polypeptide 
encoded by the second polynucleotide is heterologous to the 
signal peptide. In some embodiments, the recombinant 
nucleic acid molecule is part of an expression cassette that 
further comprises a promoter operably linked to both the 
first and second polynucleotides. In other words, in some 
embodiments the recombinant Listeria bacterium comprises 
an expression cassette which comprises the recombinant 
nucleic acid molecule, wherein the expression cassette fur- 
ther comprises a promoter operably linked to both the first 
and second polynucleotides of the recombinant nucleic acid 
molecule. In some embodiments, the expression cassette is 
a polycistronic expression cassette. In some embodiments, 
the second polynucleotide is codon-optimized for expres- 
sion in the Listeria bacterium. In some embodiments, the 
codon-optimization of the first and/or second polynucleotide 
enhances expression in and/or secretion from the Listeria 
bacterium of the encoded fusion protein (relative to the 
non -codon -optimized sequence). In some embodiments, the 
polypeptide encoded by the second polynucleotide is foreign 
to the Listeria bacterium (i.e., heterologous to the Listeria 
bacterium). In some embodiments, the polypeptide encoded 
by the second polynucleotide comprises an antigen (e.g., a 
non-Listerial or non-bacterial antigen). In some embodi- 
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merits, the polypeptide encoded by the second polynucle- 
otide is an antigen. In some embodiments, the antigen is a 
tumor-associated antigen or is derived from a tumor-asso- 
ciated antigen. In some embodiments, the antigen is selected 
from the group consisting of K-Ras, H-Ras, N-Ras, 12-K- 
Ras, mesothelin, PSCA, NY-ESO-1, WT-1, survivin, gplOO, 
PAP, proteinase 3, SPAS-1, SP-17, PAGE-4, TARP, and 
CEA, or is derived from an antigen selected from the group 
consisting of K-Ras, H-Ras, N-Ras, 12-K-Ras, mesothelin, 
PSCA, NY-ESO-1, WT-1, survivin, gplOO, PAP, proteinase 
3, SPAS-1, SP-17, PAGE-4, TARP, and CEA. For instance, 
in some embodiments, the antigen is mesothelin, or an 
antigenic fragment or antigenic variant thereof. In some 
embodiments, the antigen is human mesothelin. In some 
embodiments, the antigen is human mesothelin deleted of its 
signal peptide and GPI linker domain. In some alternative 
embodiments, the antigen is NY-ESO-1, or an antigenic 
fragment or antigenic variant thereof. In some alternative 
embodiments, the antigen is an infectious disease antigen or 
is an antigen derived from an infectious disease antigen. In 
some embodiments, the signal peptide is non-Listerial. In 
some embodiments, the signal peptide is bacterial. In some 
embodiments, the signal peptide is foreign to the Listeria 
bacterium. In other embodiments, the signal peptide is 
native to the Listeria bacterium. In some embodiments, the 
signal peptide is a secAl signal peptide (e.g., LI.X) signal 
peptide from Listeria monocytogenes, Usp45 signal peptide 
from Lactococcus lactis, and Protective Antigen signal 
peptide from Bacillus anthracis). In some embodiments, the 
signal peptide is a secA2 signal peptide (e.g., p60 signal 
peptide from Listeria monocytogenes). In some embodi- 
ments the signal peptide is a Tat signal peptide (e.g., PhoD 
signal peptide from B. subtilis). In some embodiments, the 
Listeria bacterium is attenuated. For instance, the Listeria 
may be attenuated for cell-to-cell spread, entry into non- 
phagocytic cells, or proliferation. In some embodiments, the 
recombinant Listeria bacterium is deficient with respect to 
ActA, Internalin B, or both Act A and Internalin 13 (e.g., an 
Aact AAinlB double deletion mutant). In some embodiments, 
the recombinant Listeria bacterium is deleted in functional 
ActA, Internalin B, or both Act A and Internalin B. In some 
embodiments, the nucleic acid of the recombinant bacterium 
has been modified by reaction with a nucleic acid targeting 
compound (e.g., a psoralen compound). The invention also 
provides a pharmaceutical composition comprising the 
recombinant Listeria bacterium and a pharmaceutical^ 
acceptable carrier, as well an immunogenic composition 
comprising the recombinant Listeria bacterium, wherein the 
polypeptide encoded by the second polynucleotide is an 
antigen. The invention also provides a vaccine comprising 
the recombinant Listeria bacterium. Methods of inducing an 
immune response in a host to an antigen comprising admin- 
istering to the host an effective amount of a composition 
comprising the recombinant bacterium, wherein the 
polypeptide encoded by the second polynucleotide is (or 
comprises) an antigen arc also provided. Also provided arc 
methods of preventing or treating a condition (e.g., a disease 
such as cancer or an infectious disease) in a host comprising 
administering to the host an effective amount of a compo- 
sition comprising the recombinant Listeria bacterium. The 
use of the bacterium in the manufacture of a medicament for 
inducing an immune response in a host to an antigen, 
wherein the polypeptide encoded by the second polynucle- 
otide comprises the antigen is also provided. 



[0100] In a fourth aspect, the invention provides a recom- 
binant nucleic acid molecule, comprising a first polynucle- 
otide encoding a non-secAl bacterial signal peptide, and a 
second polynucleotide encoding a polypeptide (e.g., an 
antigen), wherein the second polynucleotide is in the same 
translational reading frame as the first polynucleotide, and 
wherein the recombinant nucleic acid molecule encodes a 
fusion protein comprising the signal peptide and the 
polypeptide. In some embodiments, the first polynucleotide 
and/or the second polynucleotide is codon-optimized for 
expression in a particular type of bacterium. In some 
embodiments, the codon-optimization of the first and/or 
second polynucleotide enhances expression in and/or secre- 
tion from the bacterium of the fusion protein (relative to the 
non-codon-optimized sequence). In some embodiments, the 
first polynucleotide and/or the second polynucleotide is 
codon-optimized for expression in Listeria, Bacillus, Yers- 
inia pestis, Salmonella, Shigella, Brucella, mycobacteria or 
E. coli. In some embodiments, the polynucleotide(s) is 
codon-optimized for expression in Listeria, such as Listeria 
monocytogenes. In some embodiments, the signal peptide 
encoded by the codon-optimized first polynucleotide is 
native to the bacterium for which it is codon-optimized. In 
some embodiments, the first polynucleotide encoding the 
signal peptide is heterologous to the second polynucleotide. 
In some embodiments, the polypeptide encoded by the 
second polynucleotide is heterologous to the signal peptide. 
In some embodiments, the polypeptide encoded by the 
second polynucleotide comprises an antigen. In some 
embodiments, the polypeptide encoded by the second poly- 
nucleotide is an antigen, which, in some instances, may be 
a non-bacterial antigen. In some embodiments, the antigen is 
a tumor-associated antigen or is derived from such a tumor- 
associated antigen. For instance, in some embodiments, the 
antigen is K-Ras, H-Ras, N-Ras, 12-K-Ras, mesothelin, 
PSCA, NY-ESO-1, WT-1, survivin, gplOO, PAP, proteinase 
3, SPAS-1, SP-17, PAGE-4, TARP, or CEA, or is derived 
from K-Ras, H-Ras, N-Ras, 12-K-Ras, mesothelin, PSCA, 
NY-ESO-1, WT-1, survivin, gplOO, PAP, proteinase 3, 
SPAS-1, SP-17, PAGE-4, TARP, or CEA. For instance, in 
some embodiments, the antigen is mesothelin, or is an 
antigenic fragment or antigenic variant of mesothelin. In 
some other embodiments, the antigen is NY-ESO-1, or an 
antigenic fragment or antigenic variant of NY-ESO-1. In 
some embodiments, the antigen is an infectious disease 
antigen or is derived from an infectious disease antigen. In 
some embodiments, the signal peptide encoded by the first 
polynucleotide of the recombinant nucleic acid molecule is 
Listerial. In other embodiments, the signal peptide is non- 
Listerial. In some embodiments, the signal peptide is derived 
from a gram positive bacterium. In some embodiments, the 
signal peptide is derived from a bacterium belonging to the 
genus Bacillus, Staphylococcus, or Lactococcus. In some 
embodiments, the signal peptide is a secA2 signal peptide. 
For instance, the signal peptide may be the p60 signal 
peptide from Listeria monocytogenes. In addition, the 
recombinant nucleic acid molecule optionally comprises a 
third polynucleotide sequence encoding p60, or a fragment 
thereof, in the same translational reading frame as the first 
and second polynucleotides, wherein the second polynucle- 
otide is positioned within the third polynucleotide or 
between the first and third polynucleotides. In still further 
embodiments, the signal peptide is a Tat signal peptide, such 
as a B. subtilis Tat signal peptide (e.g., a B. subtilis PhoD 
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signal peptide). The invention also provides expression 
cassettes comprising the recombinant nucleic acid molecule 
and further comprising a promoter operably linked to the 
first and second polynucleotides of the recombinant nucleic 
acid molecule. Expression vectors and bacteria comprising 
the expression cassette and/or recombinant nucleic acid 
molecule are also provided, as are pharmaceutical compo- 
sitions, immunogenic compositions, and vaccines, compris- 
ing the bacteria. In some embodiments, the recombinant 
bacterium comprising the expression cassette or recombi- 
nant nucleic acid molecule is an intracellular bacterium. In 
some embodiments, the bacterium is a bacterium selected 
from the group consisting of Listeria, Bacillus, Yersinia 
pestis, Salmonella, Shigella, Brucella, mycobacteria or E. 
coli. In some embodiments, the bacterium is a Listeria 
bacterium (e.g., a member of the species Listeria monocy- 
togenes). In some embodiments, the polypeptide encoded by 
the second polynucleotide is foreign to the bacterium (i.e., 
heterologous to the bacterium). Methods of using the bac- 
teria or compositions comprising the bacteria to induce an 
immune response and/or to prevent or treat a condition (e.g., 
a disease) in a host are also provided. In some embodiment, 
the condition is cancer. In other embodiments, the condition 
is an infectious disease. The use of the bacterium in the 
manufacture of a medicament for inducing an immune 
response in a host to an antigen, wherein the polypeptide 
encoded by the second polynucleotide comprises the antigen 
is also provided. 

[0101] In another aspect, the invention provides a recom- 
binant Listeria bacterium comprising a recombinant nucleic 
acid molecule, wherein the recombinant nucleic acid mol- 
ecule comprises (a) a first polynucleotide encoding a non- 
secAl bacterial signal peptide, and (b) a second polynucle- 
otide encoding a polypeptide, wherein the second 
polynucleotide is in the same translational reading frame as 
the first polynucleotide, wherein the recombinant nucleic 
acid molecule encodes a fusion protein comprising the 
signal peptide and the polypeptide. In some embodiments, 
the polypeptide encoded by the second polynucleotide is 
heterologous to the signal peptide or is foreign to the 
bacterium, or both. In some embodiments, the Listeria 
bacterium belongs to the species Listeria monocytogenes. In 
some embodiments, the recombinant nucleic acid molecule 
is part of an expression cassette that further comprises a 
promoter operably linked to both the first and second 
polynucleotides. In other words, in some embodiments, the 
recombinant Listeria bacterium comprises an expression 
cassette which comprises the recombinant nucleic acid mol- 
ecule, wherein the expression cassette further comprises a 
promoter operably linked to both the first and second 
polynucleotides of the recombinant nucleic acid molecule. 
In some embodiments, the expression cassette is a polycis- 
tronic expression cassette. In some embodiments, the first 
polynucleotide, the second polynucleotide, or both the first 
and second polynucleotide are codon-optimized for expres- 
sion in the Listeria bacterium (e.g., Listeria monocytoge- 
nes). In some embodiments, the codon-optimization of the 
first and/or second polynucleotide enhances expression in 
and/or secretion from the bacterium of the fusion protein 
(relative to the non-codon-optimized sequence). In some 
embodiments, the first and second polynucleotides arc het- 
erologous to each other. In some embodiments, the polypep- 
tide encoded by the second polynucleotide and the signal 
peptide are heterologous to each other. In some embodi- 



ments, the polypeptide encoded by the second polynucle- 
otide is foreign to the Listeria bacterium (i.e., heterologous 
to the Listeria bacterium). In some embodiments, the 
polypeptide encoded by the second polynucleotide com- 
prises an antigen. In some embodiments, the polypeptide 
encoded by the second polynucleotide is an antigen (e.g., a 
non-Listerial or non-bacterial antigen). In some embodi- 
ments, the antigen is a tumor-associated antigen or is derived 
from a tumor-associated antigen. In some embodiments, the 
antigen is selected from the group consisting of K-Ras, 
H-Ras, N-Ras, 12-K-Ras, mesothelin, PSCA, NY-ESO-1, 
WT-1, survivin, gplOO, PAP, proteinase 3, SPAS-1, SP-17, 
PAGE-4, TARP, and CEA, or is derived from an antigen 
selected from the group consisting of K-Ras, H-Ras, N-Ras, 
12-K-Ras, mesothelin, PSCA, NY-ESO-1, WT-1, survivin, 
gplOO, PAP, proteinase 3, SPAS-1, SP-17, PAGE-4, TARP, 
and CEA. For instance, in some embodiments, the antigen is 
mesothelin, or an antigenic fragment or antigenic variant 
thereof. In some embodiments, the antigen is human 
mesothelin. In some embodiments, the antigen is human 
mesothelin deleted of its signal peptide and GPI linker 
domain. In some alternative embodiments, the antigen is an 
infectious disease antigen or is derived from an infectious 
disease antigen. In some embodiments, the signal peptide is 
non-Listerial. In some embodiments, the non-secAl signal 
peptide is a Listen al signal peptide. In other embodiments, 
the non-secAl signal peptide is a non-Listerial signal pep- 
tide. In some embodiments, the signal peptide is a sccA2 
signal peptide (e.g., p60 signal peptide from Listeria mono- 
cytogenes). In some embodiments, the recombinant nucleic 
acid molecule comprising a secA2 signal peptide, further 
comprises a third polynucleotide encoding a secA2 autolysin 
(e.g., p60 or N-acetylmuramidase), or a fragment thereof 
(e.g., a catalytically active fragment), in the same transla- 
tional reading frame as the first and second polynucleotides, 
wherein the second polynucleotide is positioned within the 
third polynucleotide or between the first and third polynucle- 
otides of the recombinant nucleic acid molecule. In some 
embodiments, the second polynucleotide is positioned 
within the third polynucleotide. In some embodiments the 
signal peptide is a Tat signal peptide. In some embodiments, 
the signal peptide is a Tat signal peptide derived B. subtilis. 
(e.g., PhoD signal peptide from B. subtilis). In some embodi- 
ments, the Listeria bacterium is attenuated. For instance, the 
Listeria may be attenuated for cell-lo-cell spread, entry into 
non-phagocytic cells, or proliferation. In some embodi- 
ments, the recombinant Listeria bacterium is deficient with 
respect to ActA, Internalin B, or both Act A and Internalin 
B (e.g., an AactAAinlB double deletion mutant). In some 
embodiments, the recombinant Listeria bacterium is deleted 
in functional ActA, Internalin B, or both Act A and Internalin 
B. In some embodiments, the nucleic acid of the recombi- 
nant bacterium has been modified by reaction with a nucleic 
acid targeting compound (e.g., a psoralen compound). The 
invention also provides a pharmaceutical composition com- 
prising the recombinant Listeria bacterium and a pharma- 
ceutical^ acceptable carrier. The invention also provides an 
immunogenic composition comprising the recombinant bac- 
terium, wherein the polypeptide encoded by the second 
polynucleotide is an antigen. The invention also provides a 
vaccine comprising the recombinant Listeria bacterium. 
Methods of inducing an immune response in a host to an 
antigen comprising administering to the host an effective 
amount of a composition comprising the recombinant bac- 
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terium, wherein the polypeptide encoded by the second 
polynucleotide is (or comprises) an antigen are also pro- 
vided. Also provided are methods of preventing or treating 
a condition (e.g., a disease such as cancer or an infectious 
disease) in a host comprising administering to the host an 
effective amount of a composition comprising the recombi- 
nant Listeria bacterium. The use of the bacterium in the 
manufacture of a medicament for inducing an immune 
response in a host to an antigen, wherein the polypeptide 
encoded by the second polynucleotide comprises the antigen 
is also provided. 

[0102] In another aspect, the invention provides a recom- 
binant nucleic acid molecule comprising a polynucleotide 
encoding a polypeptide foreign to a Listeria bacterium (such 
as an antigen like a cancer antigen or a non-Listerial 
bacterial antigen), wherein the polynucleotide is codon- 
optimized for expression in Listeria. In some embodiments, 
the codon-optimization of the polynucleotide enhances 
expression in and/or secretion from a Listeria bacterium of 
the polypeptide (relative to the non-codon-optimized 
sequence). In some embodiments, the foreign polypeptide 
comprises an antigen. In some embodiments, the foreign 
polypeptide is an antigen. In some embodiments, the antigen 
is a non-bacterial antigen. For instance, the antigen is, in 
some embodiments a tumor-associated antigen or is derived 
from such a tumor-associated antigen. For instance, in some 
embodiments, the polypeptide is K-Ras, H-Ras, N-Ras, 
12-K-Ras, mcsothclin, PSCA, NY-ESO-l, WT-1, survivin, 
gplOO, PAP, proteinase 3, SPAS-1, SP-17, PAGE-4, TARP, 
or CEA, or is derived from K-Ras, H-Ras, N-Ras, 12-K-Ras, 
mesolhelin, PSCA, NY-ESO-l, WT-1, survivin, gplOO, PAP, 
proteinase 3, SPAS-1, SP-17, PAGE-4, TARP, or CEA. In 
some embodiments, the antigen is mesothelin, or is an 
antigenic fragment or antigenic variant of mesothelin. In 
some other embodiments, the antigen is NY-ESO-l, or is an 
antigenic fragment or variant of NY-ESO-l. In some other 
embodiments, the antigen is an infectious disease antigen or 
is derived from an infectious disease antigen. In some 
embodiments, the recombinant nucleic acid molecule further 
comprises a polynucleotide encoding a signal peptide in the 
same translational frame as the foreign polypeptide so that 
the recombinant nucleic acid molecule encodes a fusion 
protein comprising the signal peptide and the foreign 
polypeptide. In some embodiments, the polynucleotide 
encoding the signal peptide (which may or may not be native 
to Listeria) is codon-optimized for expression in Listeria 
monocytogenes. The invention further provides an expres- 
sion cassette comprising the recombinant nucleic acid mol- 
ecule and further comprising a promoter operably linked to 
the first and second polynucleotides of the recombinant 
nucleic acid molecule. A vector (e.g., an expression vector) 
comprising the recombinant nucleic acid molecule and/or 
expression cassette is also provided. The invention also 
provides a recombinant Listeria bacterium comprising the 
recombinant nucleic acid molecule and/or expression cas- 
sette. In some embodiments, the Listeria bacterium belongs 
to the species Listeria monocytogenes. Pharmaceutical com- 
positions, immunogenic compositions, and vaccines com- 
prising the recombinant Listeria bacteria are also provided. 
The invention further provides a method of inducing an 
immune response in host to an antigen comprising admin- 
istering to the host an effective amount of a composition 
comprising the recombinant Listeria bacterium, wherein the 
polypeptide is (or comprises) the antigen. In addition, the 



invention provides methods of using the recombinant List- 
eria bacteria to induce an immune response and/or prevent 
or treat a condition (e.g., a disease). The use of the bacterium 
in the manufacture of a medicament for inducing an immune 
response in a host to an antigen, wherein the foreign 
polypeptide comprises the antigen is also provided. 

[0103] In another aspect, the invention provides a recom- 
binant Listeria bacterium comprising an expression cassette, 
wherein the expression cassette comprises a polynucleotide 
encoding a polypeptide foreign to the Listeria bacterium 
(such as an antigen like a cancer antigen or a non-Listerial 
bacterial antigen), wherein the polynucleotide is codon- 
optimized for expression in Listeria, and a promoter, oper- 
ably linked to the polynucleotide encoding the foreign 
polypeptide. In some embodiments, the Listeria bacterium 
belongs to the species Listeria monocytogenes. In some 
embodiments, the codon-optimization of the polynucleotide 
enhances expression in and/or of the polypeptide from a 
Listeria bacterium of the polypeptide (relative to the non- 
codon-optimized sequence). In some embodiments, the for- 
eign polypeptide comprises an antigen. In some embodi- 
ments, the foreign polypeptide is an antigen, which, in some 
instances, may be a non-bacterial antigen. For instance, the 
antigen is, in some embodiments a tumor-associated antigen 
or is derived from, such a tumor- associated antigen. For 
instance, in some embodiments, the polypeptide is K-Ras, 
H-Ras, N-Ras, 12-K-Ras, mesothelin, PSCA, NY-ESO-l, 
WT-1, survivin, gplOO, PAP, proteinase 3, SPAS-1, SP-17, 
PAGE-4, TARP, or CEA, or is derived from K-Ras, H-Ras, 
N-Ras, 12-K-Ras, mesothelin, PSCA, NY-ESO-l, WT-1, 
survivin, gplOO, PAP, proteinase 3, SPAS-1, SP-17, PAGE- 
4, TARP, or CEA. In some embodiments, the antigen is 
mesothelin, or is an antigenic fragment or antigenic variant 
of mesothelin. In some other embodiments, the antigen is 
NY-ESO-l, or is an antigenic fragment or antigenic variant 
of NY-ESO-l. In some other embodiments, the antigen is an 
infectious disease antigen or is derived from an infectious 
disease antigen. In some embodiments, the expression cas- 
sette further comprises a polynucleotide encoding a signal 
peptide which is operably linked to the promoter and in the 
same translational frame as the foreign polypeptide so that 
the expression cassette encodes a fusion protein comprising 
the signal peptide and the foreign polypeptide. In some 
embodiments, the polynucleotide encoding the signal pep- 
tide (which may or may not be native to Listeria) is 
codon-optimized for expression in Listeria monocytogenes. 
Pharmaceutical compositions, immunogenic compositions, 
and vaccines comprising the recombinant Listeria bacteria 
arc also provided. The invention further provides a method 
of inducing an immune response in host to an antigen 
comprising administering to the host an effective amount of 
a composition comprising the recombinant Listeria bacte- 
rium. In addition, the invention provides methods of using 
the recombinant Listeria bacteria to induce an immune 
response and/or prevent or treat a condition (e.g., a disease). 
The use of the bacterium in the manufacture of a medica- 
ment for inducing an immune response in a host to an 
antigen, wherein the foreign polypeptide comprises the 
antigen is also provided. 

[0104] In a further aspect, the invention provides a recom- 
binant Listeria bacterium (e.g., Listeria monocytogenes) 
comprising a recombinant nucleic acid molecule, wherein 
the recombinant nucleic acid molecule comprises (a) a first 
polynucleotide encoding a non-Listerial signal peptide; and 
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(b) a second polynucleotide encoding a polypeptide that is in 
the same translational reading frame as the first polynucle- 
otide, wherein the recombinant nucleic acid molecule 
encodes a fusion protein comprising both the non-Lislerial 
signal peptide and the polypeptide. In some embodiments, 
the recombinant nucleic acid molecule is positioned in an 
expression cassette that further comprises a promoter opcr- 
ably linked to both the first and second polynucleotides. 
Thus, in some embodiments the recombinant Listeria bac- 
terium comprises an expression cassette which comprises 
the recombinant nucleic acid molecule, wherein the expres- 
sion cassette further comprises a promoter operably linked 
to both the first and second polynucleotides of the recom- 
binant nucleic acid molecule. In some embodiments, the 
expression cassette is a polycistronic expression cassette 
(e.g., a bicistronic expression cassette). In some embodi- 
ments, the first polynucleotide, the second polynucleotide, 
or both the first and second polynucleotide are codon- 
optimized for expression in Listeria (e.g., Listeria monocy- 
togenes). In some embodiments, the codon-optimization of 
the first and/or second polynucleotide enhances expression 
of the fusion protein in and/or secretion of the fusion protein 
from the bacterium (relative to the non-codon-optimized 
sequence). In some embodiments, the first and second 
polynucleotides are heterologous to each other. In some 
embodiments, the polypeptide encoded by the second poly- 
nucleotide and the signal peptide are heterologous to each 
other. In some embodiments, the polypeptide encoded by the 
second polynucleotide is foreign to the Listeria bacterium 
(i.e., heterologous to the Listeria bacterium). In some 
embodiments, the polypeptide encoded by the second poly- 
nucleotide comprises an antigen (e.g., a non-Listerial anti- 
gen). The polypeptide encoded by the second polynucleotide 
is, in some embodiments, an antigen. In some embodiments, 
the antigen is a tumor- associated antigen or is derived from 
a tumor-associated antigen. In some embodiments, the anti- 
gen is selected from the group consisting of K-Ras, H-Ras, 
N-Ras, 12-K-Ras, mesothelin, PSCA, NY-ESO-1, WT-1, 
survivin, gplOO, PAP, proteinase 3, SPAS-1, SP-17, PAGE- 
4, TARP, and CEA, or is derived from an antigen selected 
from the group consisting of K-Ras, H-Ras, N-Ras, 12-K- 
Ras, mesothelin, PSCA, NY-ESO-1, WT-1, survivin, gplOO, 
PAP, proteinase 3, SPAS-I, SP-17, PAGE-4, TARP, and 
CEA. For instance, in some embodiments, the antigen is 
mesothelin, or an antigenic fragment or antigenic variant 
thereof. In some embodiments, the antigen is human 
mesothelin. In some embodiments, the antigen is human 
mesothelin deleted of its signal peptide and GPI linker 
domain. In some alternative embodiments, the antigen is an 
infectious disease antigen or is derived from an infectious 
disease antigen. In some embodiments, the signal peptide is 
bacterial. In some embodiments, the signal peptide is 
derived from an intracellular bacterium. In some embodi- 
ments, the signal peptide is derived from a gram positive 
bacterium. In some embodiments, the signal peptide is from 
a bacterium belonging to the genus Bacillus, Staphylococ- 
cus, or Lacotococcus (e.g., Bacillus anthracis, Bacillus 
subtilis, Staphylococcus aureus, or Lactococcus lactis). In 
some embodiments, the signal peptide is a secAl signal 
peptide (e.g., Usp45 signal peptide from Lactococcus lactis 
or Protective Antigen signal peptide from Bacillus anthra- 
cis). In some embodiments, the signal peptide is a secA2 
signal peptide. In some embodiments the signal peptide is a 
Tat signal peptide (e.g., PhoD signal peptide from B. sub- 



tilis). In some embodiments, the Listeria bacterium is 
attenuated. For instance, in some embodiments, the Listeria 
are attenuated for cell-to-cell spread, entry into non-phago- 
cytic cells, or proliferation. In some embodiments, the 
recombinant Listeria bacterium is deficient with respect to 
ActA, Internalin B, or both Act A and Internalin B (e.g., an 
AactAAinlB double deletion mutant). In some embodiments, 
the recombinant Listeria bacterium is deleted in functional 
ActA, Internalin B, or both Act A and Internalin B. In some 
embodiments, the nucleic acid of the recombinant bacterium 
has been modified by reaction with a nucleic acid targeting 
compound (e.g., a psoralen compound). The invention also 
provides a pharmaceutical composition comprising the 
recombinant Listeria bacterium and a pharmaceutical^ 
acceptable carrier. The invention further provides an immu- 
nogenic composition comprising the recombinant bacte- 
rium, wherein the polypeptide encoded by the second poly- 
nucleotide is an antigen. The invention also provides a 
vaccine comprising the recombinant Listeria bacterium. 
Methods of inducing an immune response in a host to an 
antigen comprising administering to the host an effective 
amount of a composition comprising the recombinant List- 
eria bacterium, wherein the polypeptide encoded by the 
second polynucleotide is (or comprises) an antigen arc also 
provided. Also provided are methods of preventing or treat- 
ing a condition (e.g., a disease such as cancer or an infec- 
tious disease) in a host comprising administering to the host 
an effective amount of a composition comprising the recom- 
binant Listeria bacterium. The use of the bacterium in the 
manufacture of a medicament for inducing an immune 
response in a host to an antigen, wherein the polypeptide 
encoded by the second polynucleotide comprises the antigen 
is also provided. 

[0105] In still another aspect, the invention provides a 
recombinant Listeria bacterium (for instance, from the spe- 
cies Listeria monocytogenes) comprising an expression cas- 
sette which comprises a first polynucleotide encoding a 
non-Listerial signal peptide, a second polynucleotide encod- 
ing a polypeptide that is in the same translational reading 
frame as the first polynucleotide, and a promoter operably 
linked to both the first and second polynucleotides. The 
expression cassette encodes a fusion protein comprising 
both the non-Listerial signal peptide and the polypeptide. In 
some embodiments, the Listeria bacterium is attenuated for 
cell-to-cell spread, entry into non-phagocytic cells, or pro- 
liferation. In some embodiments, the first polynucleotide, 
the second polynucleotide, or both the first and second 
polynucleotides are codon-optimized for expression in List- 
eria. In some embodiments, the codon-optimization of the 
first and/or second polynucleotide enhances expression in 
and/or secretion from the bacterium of the encoded fusion 
protein (relative to the non-codon-optimized sequence). In 
some embodiments, the first polynucleotide and/or second 
polynucleotide is codon-optimized for expression in Listeria 
monocytogenes. In some embodiments, the polypeptide 
encoded by the second polynucleotide comprises an antigen. 
In some embodiments, the polypeptide encoded by the 
second polynucleotide is an antigen, which, in some 
instances, may be a non-baelerial antigen. For instance, the 
antigen is, in some embodiments a tumor-associated antigen 
or is derived from such a tumor-associated antigen. For 
instance, in some embodiments, the antigen is K-Ras, 
H-Ras, N-Ras, 12-K-Ras, mesothelin, PSCA, NY-ESO-1, 
WT-1, survivin, gplOO, PAP, proteinase 3, SPAS-1, SP-17, 
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PAGE-4, TARP, or CEA, or is derived from K-Ras, H-Ras, 
N-Ras, 12-K-Ras, mesothelin, PSCA, NY-ESO-1, WT-1, 
survivin, gplOO, PAP, proteinase 3, SPAS-1, SP-17, PAGE- 
4, TARP, or CEA. For instance, in some embodiments, the 
antigen is mesothelin, or is a antigenic fragment or antigenic 
variant of mesothelin. In some other embodiments, the 
antigen is NY-ESO-1, or an antigenic fragment or antigenic 
variant of NY-ESO-1. In some embodiments, the antigen is 
an infectious disease antigen or is derived from an infectious 
disease antigen. In preferred embodiments, the signal pep- 
tide is bacterial. In some embodiments, the signal peptide is 
from a bacterium belonging to the genus Bacillus, Staphy- 
lococcus, or Lactococcus. For instance, in some embodi- 
ments, the signal peptide is from Bacillus anfhracis, Bacillus 
subtilis, Staphylococcus aureus, or Lactococcus lactis. In 
some embodiments, the signal peptide is a secAl signal 
peptide, such as a Usp45 signal peptide from Lactococcus 
lactis or a Protective Antigen signal peptide from Bacillus 
anthracis. In some embodiments, the signal peptide is a 
secA2 signal peptide. In still further embodiments, the signal 
peptide is a Tat signal peptide, such as a B. subtilis Tat signal 
peptide (e.g., PhoD). Pharmaceutical compositions, immu- 
nogenic compositions, and vaccines comprising the recom- 
binant Listeria bacteria described herein arc also provided. 
In addition, the invention provides methods of using the 
recombinant Listeria bacteria to induce an immune response 
and/or to prevent or treat a condition such as a disease. The 
use of the bacterium in the manufacture of a medicament for 
inducing an immune response in a host to an antigen, 
wherein the polypeptide encoded by the second polynucle- 
otide comprises the antigen is also provided. 

[0106] The invention further provides a recombinant 
nucleic acid molecule, comprising (a) a first polynucleotide 
encoding a bacterial autolysin, or a catalytically active 
fragment or catalytically active variant thereof; and (b) a 
second polynucleotide encoding a polypeptide, wherein the 
second polynucleotide is in the same translational reading 
frame as the first polynucleotide, wherein the recombinant 
nucleic acid molecule encodes a protein chimera comprising 
the polypeptide encoded by the second polynucleotide and 
the autolysin, or catalytically active fragment or catalytically 
active variant thereof, wherein, in the protein chimera, the 
polypeptide is fused to the autolysin, or catalytically active 
fragment or catalytically active variant thereof, or is posi- 
tioned within the autolysin, or catalytically active fragment 
or catalytically active variant thereof. In some embodiments, 
the first polynucleotide encodes a bacterial autolysin. In 
some embodiments, the protein chimera is catalytically 
active as an autolysin. In some embodiments, the bacterial 
autolysin is from an intracellular bacterium (e.g., Listeria). 
In some embodiments, the bacterial autolysin is a Listerial 
autolysin. In some embodiments, the second polynucleotide 
encoding the polypeptide is positioned within the first poly- 
nucleotide encoding the autolysin, or catalytically active 
fragment or catalytically active variant thereof, and the 
recombinant nucleic acid molecule encodes a protein chi- 
mera in which the polypeptide is positioned within the 
autolysin, or catalytically active fragment or catalytically 
active variant thereof (i.e., the polypeptide is embedded 
within the autolysin or catalytically active fragment or 
variant). In some alternative embodiments, the second poly- 
nucleotide is positioned outside of the first polynucleotide 
encoding the autolysin, or catalytically active fragment or 
catalytically active variant thereof, and the recombinant 



nucleic acid molecule encodes a protein chimera in which 
the polypeptide is fused to the autolysin, or catalytically 
active fragment or catalytically active variant thereof In 
some embodiments, the polypeptide is heterologous to the 
autolysin. In some embodiments, the first polynucleotide 
and the second polynucleotide are heterologous to each 
other. In some embodiments, the recombinant nucleic acid 
molecule further comprises (c) a third polynucleotide encod- 
ing a signal peptide in the same translational reading frame 
as the first and second polynucleotides, wherein the recom- 
binant nucleic acid molecule encodes a protein chimera 
comprising the signal peptide, the polypeptide encoded by 
the second polynucleotide, and the autolysin, or catalytically 
active fragment or catalytically active variant thereof. In 
some embodiments, the signal peptide is a secA2 signal 
peptide (such as p60). In some embodiments, the signal 
peptide is the signal peptide associated with the autolysin in 
nature (e.g., the signal peptide is p60 and the autolysin is 
p60). In some embodiments, the autolysin is a secA2- 
dependent autolysin. In some embodiments, the autolysin is 
a peptidoglycan hydrolase (e.g., N-acetylmuramidase or 
p60). In some embodiments, the polypeptide encoded by the 
second polynucleotide comprises an antigen. In some 
embodiments, the polypeptide is an antigen (e.g., a tumor- 
associated antigen, an antigen derived from a tumor-asso- 
ciated antigen, an infectious disease antigen, or an antigen 
derived from an infectious disease antigen. In some embodi- 
ments, the antigen is selected from the group consisting of 
K-Ras, H-Ras, N-Ras, 12-K-Ras, mesothelin, PSCA, NY- 
ESO-1, WT-1, survivin, gplOO, PAP, proteinase 3, SPAS-1, 
SP-17, PAGE-4, TARP, and CEA, or is derived from an 
antigen selected from the group consisting of K-Ras, H-Ras, 
N-Ras, 12-K-Ras, mesothelin, PSCA, NY-ESO-1, WT-1, 
survivin, gplOO, PAP, proteinase 3, SPAS-1, SP-17, PAGE- 
4, TARP, and CEA. For instance, in some embodiments, the 
antigen is mesothelin, or an antigenic fragment or antigenic 
variant thereof. In some embodiments, the antigen is human 
mesothelin. In some embodiments, the antigen is human 
mesothelin deleted of its signal peptide and GPI anchor. The 
invention also provides an expression cassette comprising 
the recombinant nucleic acid molecule, further comprising a 
promoter operably linked to the first and second polynucle- 
otides of the recombinant nucleic acid molecule, as well as 
an expression vector comprising the expression cassette. 
The invention further provides a recombinant bacterium 
comprising the recombinant nucleic acid molecule. In some 
embodiments, the recombinant bacterium is an intracellular 
bacterium, such as a Listeria bacterium (e.g., Listeria mono- 
cytogenes). In some embodiments, the polypeptide encoded 
by the second polynucleotide is foreign to the recombinant 
bacterium. A pharmaceutical composition comprising (a) the 
recombinant bacterium, and (b) a pharmaceutically accept- 
able carrier is also provided. In addition, an immunogenic 
composition comprising the recombinant bacterium, 
wherein the polypeptide encoded by the second polynucle- 
otide is an antigen, is also provided. Also provided is a 
vaccine comprising the recombinant bacterium, wherein the 
polypeptide encoded by the second polynucleotide is an 
antigen. The invention also provides a method of inducing 
an immune response in a host to an antigen comprising 
administering to the host an effective amount of a compo- 
sition comprising the recombinant bacterium, wherein the 
polypeptide encoded by the second polynucleotide is (or 
comprises) the antigen. A method of preventing or treating 
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a condition in a host comprising administering to the host an 
effective amount of a composition comprising the recombi- 
nant bacterium is also provided. The use of the bacterium in 
the manufacture of a medicament for inducing an immune 
response in a host to an antigen, wherein the polypeptide 
encoded by the second polynucleotide comprises the antigen 
is also provided. 

[0107] In yet another aspect, the invention provides a 
recombinant Listeria bacterium comprising a polycistronic 
expression cassette, wherein the polycistronic expression 
cassette encodes at least two discrete non-Listerial polypep- 
tides. For instance, in some embodiments, the expression 
cassette comprises a first polynucleotide encoding the first 
non-Listerial polypeptide, a second polynucleotide encoding 
the second non-Listerial polypeptide, and a promoter oper- 
ably linked to the first and second polynucleotides. In some 
embodiments, the expression cassette further comprises an 
intergenic sequence between the first and second polynucle- 
otides. In some embodiments, the polycistronic expression 
cassette is a bicistronic expression cassette which encodes 
two discrete non-Listerial polypeptides. In some embodi- 
ments, the recombinant Listeria bacterium belongs to the 
species Listeria monocytogenes. In some embodiments, at 
least one of the non-Listerial polypeptides encoded by the 
polycistronic expression cassette comprises an antigen. In 
some embodiments, at least two of the non-Listerial 
polypeptides each comprise fragments of the same antigen. 
In some embodiments, the antigen is a tumor-associated 
antigen or is derived from a tumor-associated antigen, for 
instance, in some embodiments, the antigen is an antigen 
selected from (he group consisting of K-Ras, H-Ras, N-Ras, 
12-K-Ras, mesothelin, PSCA, NY-ESO-1, WT-1, survivin, 
gplOO, PAP, proteinase 3, SPAS-i, SP-17, PAGE-4, TARP, 
and CEA, or is derived from an antigen selected from the 
group consisting of K-Ras, H-Ras, N-Ras, 12-K-Ras, 
mesothelin, PSCA, NY-ESO-1, WT-1, survivin, gplOO, PAP, 
proteinase 3, SPAS-1, SP-17, PAGE-4, TARP, and CEA. In 
some embodiments, the antigen is mesothelin, or an anti- 
genic fragment or antigenic variant thereof. In some embodi- 
ments, the antigen is human mesothelin. In some embodi- 
ments, the antigen is human mesothelin deleted of its signal 
peptide and GPI anchor. In some embodiments, the antigen 
is an infectious disease antigen or is derived from an 
infectious disease antigen. In some embodiments, at least 
one of the non-Listerial polypeptides encoded by the poly- 
cistronic expression cassette comprises a signal peptide 
(either a Listerial signal peptide or a non-Listerial signal 
peptide). In some embodiments, the signal peptide is a 
secA.1 signal peptide. In some embodiments, the signal 
peptide is a secA2 signal peptide. In other embodiments, the 
signal peptide is a Tat signal peptide. In some embodiments, 
the expression cassette comprises a polynucleotide encoding 
the signal peptide, wherein the polynucleotide encoding the 
signal peptide is eodon-optimi/.ed for expression in Listeria. 
The invention also provides a pharmaceutical composition 
comprising: (a) the recombinant Listeria bacterium, and (b) 
a pharmaceutical acceptable carrier. Also provided is an 
immunogenic composition comprising the recombinant List- 
eria bacterium. Also provided is a vaccine comprising the 
recombinant Listeria bacterium. A method of inducing an 
immune response in a host to an antigen comprising admin- 
istering to the host an effective amount of a composition 
comprising the recombinant Listeria bacterium is also pro- 
vided wherein at least one of the non-Listerial polypeptides 



comprises an antigen. A method of preventing or treating a 
condition in a host comprising administering to the host an 
effective amount of a composition comprising the recombi- 
nant Listeria bacterium is also provided. The use of the 
bacterium in the manufacture of a medicament for inducing 
an immune response in a host to an antigen, wherein at least 
one of the non-Listerial polypeptides encoded by the poly- 
cistronic expression cassette comprises the antigen is also 
provided. 

[0108] In other aspects, the invention provides a recom- 
binant nucleic acid molecule, comprising (a) a first poly- 
nucleotide encoding a signal peptide, (b) a second poly- 
nucleotide encoding a secreted protein, or a fragment 
thereof, wherein the second polynucleotide is in the same 
translational reading frame as the first polynucleotide, and 
(c) a third polynucleotide encoding a polypeptide heterolo- 
gous to the secreted protein, or fragment thereof, wherein 
the third polynucleotide is in the same translational reading 
frame as the first and second polynucleotides, wherein the 
recombinant nucleic acid molecule encodes a protein chi- 
mera comprising the signal peptide, the polypeptide encoded 
by the third polynucleotide, and the secreted protein, or 
fragment thereof, and wherein the polypeptide encoded by 
the third polynucleotide is fused to the secreted protein, or 
fragment thereof, or is positioned within the secreted pro- 
tein, or fragment thereof, in the protein chimera. In some 
embodiments, the secreted protein is a naturally secreted 
protein (i.e., a protein that is secreted from its native cell). 
In some embodiments, the third polynucleotide is positioned 
within the second polynucleotide in the recombinant nucleic 
acid molecule, and the polypeptide encoded by the third 
polynucleotide is positioned with the secreted protein, or 
fragment thereof, in the protein chimera encoded by the 
recombinant nucleic acid molecule. In some embodiments, 
the third polynucleotide is positioned outside of the second 
polynucleotide in the recombinant nucleic acid molecule and 
the polypeptide encoded by the third polynucleotide is fused 
to the secreted protein or fragment thereof, in the protein 
chimera. An expression cassette comprising the recombinant 
nucleic acid molecule and further comprising a promoter 
operably linked to the first, second, and third polynucle- 
otides of the recombinant nucleic acid molecule is also 
provided. In some embodiments, the polypeptide encoded 
by the second polynucleotide comprises an antigen. In some 
embodiments, the polypeptide encoded by the second poly- 
nucleotide is an antigen. For instance, in some embodi- 
ments, the antigen is a tumor-associated antigen or is derived 
from a tumor-associated antigen, (e.g., an antigen selected 
from the group consisting of K-Ras, H-Ras, N-Ras, 12-K- 
Ras, mesothelin, PSCA, NY-ESO-1, WT-1, survivin, gplOO, 
PAP, proteinase 3, SPAS-1, SP-17, PAGE-4, TARP, and 
CEA, or is derived from an antigen selected from the group 
consisting of K-Ras, H-Ras, N-Ras, 12-K-Ras, mesothelin, 
PSCA, NY-ESO-1, WT-1, survivin, gplOO, PAP, proteinase 
3, SPAS-1, SP-17, PAGE-4, TARP, and CEA). In some 
embodiments, the antigen is mesothelin, or an antigenic 
fragment or antigenic variant thereof. For instance, in some 
embodiments, the antigen is human mesothelin or is human 
mesothelin deleted of its signal peptide and (iP! anchor. In 
alternative embodiments, the antigen is an infect ions disease 
antigen or is derived from an infectious disease antigen. An 
expression vector comprising the expression cassette is also 
provided. Recombinant bacteria comprising the recombi- 
nant nucleic acid molecules are also provided. A recombi- 
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nant Listeria bacterium (e.g., Listeria monocytogenes) is 
also provided and in some embodiments, the polypeptide 
encoded by the third nucleotide is foreign to the Listeria 
bacterium. The invention also provides an immunogenic 
composition comprising the recombinant bacterium, 
wherein the polypeptide encoded by the third polynucleotide 
is an antigen. Also provided is a method of inducing an 
immune response in a host to an antigen comprising admin- 
istering to the host an effective amount of a composition 
comprising the recombinant bacterium, wherein the 
polypeptide encoded by the third polynucleotide is (or 
comprises) an antigen. Pharmaceutical compositions and 
vaccines, comprising the bacteria are also provided, as are 
methods of using the recombinant bacteria or compositions 
comprising the bacteria to prevent or treat a condition in a 
host. The use of the bacterium in the manufacture of a 
medicament for inducing an immune response in a host to an 
antigen, wherein the polypeptide encoded by the third poly- 
nucleotide comprises the antigen is also provided. 

[0109] In further aspects, the invention provides improved 
methods of expressing and secreting heterologous proteins 
in host bacteria. The invention also provides methods of 
improving expression and secretion of heterologous proteins 
in bacteria. The invention further provides methods of 
making the recombinant nucleic acid molecule, expression 
cassettes, expression vectors, and recombinant bacteria 
described herein. 

[0110] The invention also provides a variety of polynucle- 
otides useful in optimizing expression of heterologous poly- 
nucleotides in bacteria such as Listeria. 

[0111] It will be understood that embodiments set forth in 
a Markush group, Markush claim, or by way of "or lan- 
guage," encompass each separate embodiment, any combi- 
nation of each of separate embodiments, as well as an 
invention consisting of or comprising all of each of the 
separate embodiments, unless dictated otherwise explicitly 
or by the context. 

[0112] Further descriptions of the aspects and embodi- 
ments described above as well as additional embodiments 
and aspects of the invention arc provided below. 

[0113] II. Recombinant Nucleic Acid Molecules 

[01 14] 'ITie invention provides a variety of polynucleotides 
useful for expression of polynucleotides, such as heterolo- 
gous polynucleotides, in bacteria such as Listeria. For 
instance, recombinant nucleic acid molecules comprising 
novel combinations of sequences encoding signal peptides 
(or polypeptides comprising signal peptides) with coding 
sequences of polypeptides such as heterologous antigens are 
provided. Recombinant nucleic acid molecules comprising 
codon-optimized polynucleotide sequences are provided. In 
some embodiments, these recombinant nucleic acid mol- 
ecules are heterologous in that they comprise polynucle- 
otides (i.e., polynucleotide sequences) which arc not natu- 
rally found in combination with each other as part of the 
same nucleic acid molecule. In some embodiments, the 
recombinant nucleic acid molecules are isolated. In some 
embodiments, the recombinant nucleic acid molecules are 
positioned within the sequences of expression cassettes, 
expression vectors, plasmid DNA within bacteria, and/or 
even the genomic DNA of bacteria (following insertion). In 
some embodiments, the recombinant nucleic acid molecules 



provide enhanced expression and/or secretion of the 
polypeptide (e.g., a heterologous polypeptide) within a 
bacterium. 

[0115] In some embodiments, the recombinant nucleic 
acid molecule is DNA. In some embodiments, the recom- 
binant nucleic acid molecule is RNA. In some embodiments, 
the recombinant nucleic acid is single-stranded. In other 
embodiments, the recombinant nucleic acid is double- 
stranded. 

[0116] In some embodiments, the recombinant nucleic 
acid molecules described herein encode a fusion protein 
such as fusion protein comprising a signal peptide and 
another polypeptide, such as a polypeptide heterologous to 
the signal peptide. In some embodiments, the signal peptide 
is a bacterial signal peptide. It is understood that the recited 
polypeptide components of a fusion protein may, but need 
not necessarily be, directly fused to each other. The polypep- 
tide components of a fusion protein, may in some embodi- 
ments be separated on the polypeptide sequence by one or 
more intervening amino acid sequences. In some embodi- 
ments the other polypeptide is non-bacterial, for instance, 
mammalian or viral. 

[0117] For instance, in one aspect, the invention provides 
a recombinant nucleic acid molecule, comprising: (a) a first 
polynucleotide encoding a signal peptide, wherein the first 
polynucleotide is codon-optimized for expression in a bac- 
terium; and (b) a second polynucleotide encoding a polypep- 
tide (e.g., an antigen), wherein the second polynucleotide is 
in the same translational reading frame as the first poly- 
nucleotide, wherein the recombinant nucleic acid molecule 
encodes a fusion protein comprising the signal peptide and 
the polypeptide. In additional embodiments, the second 
polynucleotide (the polynucleotide encoding the polypep- 
tide, such as an antigen) is also codon-optimized for expres- 
sion in a bacterium. The bacterium for which the first and/or 
second polynucleotide is codon-optimized should be the 
bacterium of a type in which the recombinant nucleic acid 
molecule is intended to be placed. 

[0118] In another aspect, the invention provides a recom- 
binant nucleic acid molecule, comprising (a) a first poly- 
nucleotide encoding a signal peptide native to a bacterium, 
wherein the first polynucleotide is codon-optimized for 
expression in the bacterium, and (b) a second polynucleotide 
encoding a polypeptide, wherein the second polynucleotide 
is in the same translational reading frame as the first poly- 
nucleotide, wherein the recombinant nucleic acid molecule 
encodes a fusion protein comprising the signal peptide and 
the polypeptide. In some embodiments, the polypeptide 
encoded by the second polynucleotide is heterologous to the 
signal peptide. In some embodiments, the second polynucle- 
otide is heterologous to the first polynucleotide. In some 
embodiments, the polypeptide is heterologous to the bacte- 
rium to which the signal peptide is native (i.e., foreign to the 
bacterium). In some embodiments, the polypeptide encoded 
by the second polynucleotide is heterologous to the signal 
peptide, foreign to the bacterium, or both. In some embodi- 
ments, the bacterium from which the signal peptide is 
derived is an intracellular bacterium. In some embodiments, 
the bacterium is selected from the group consisting of 
Listeria, Bacillus, Yersinia pestis, Salmonella, Shigella, Bru- 
cella , mycobacteria and E. coli. In some embodiments, the 
signal peptide is native to a Listeria bacterium. In some 
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embodiments, the signal peptide is native to a Listeria 
bacterium belonging to the species Listeria monocytogenes. 
In some embodiments, the second polynucleotide is codon- 
oplimized for expression in the bacterium. 

[0119] In another aspect, the invention provides a recom- 
binant nucleic acid molecule, wherein the recombinant 
nucleic acid molecule comprises (a) a first polynucleotide 
encoding a signal peptide, wherein the first polynucleotide is 
codon-optimized for expression in a Listeria bacterium, and 
(b) a second polynucleotide encoding a polypeptide, 
wherein the second polynucleotide is in the same transla- 
tional reading frame as the first polynucleotide, wherein the 
recombinant nucleic acid molecule encodes a fusion protein 
comprising the signal peptide and the polypeptide. In some 
embodiments, the signal peptide is native to the Listeria 
bacterium. In some other embodiments, the signal peptide is 
foreign to [ho Listeria bacterium. In some embodiments, the 
signal peptide is heterologous to the polypeptide encoded by 
the second polynucleotide. In some embodiments, the 
polypeptide encoded by the second polynucleotide is heter- 
ologous to the Listeria bacterium. In some embodiments, the 
Listeria bacterium belongs to the species Listeria monocy- 
togenes. 

[0120] The invention also provides a recombinant nucleic 
acid molecule comprising a polynucleotide encoding a 
polypeptide foreign to a Listeria bacterium (e.g., a cancer or 
non-Listerial infectious disease antigen), wherein the poly- 
nucleotide encoding the foreign polypeptide is codon-opti- 
mized for expression in the Listeria bacterium. 

[0121] In another aspect, the invention provides a recom- 
binant nucleic acid molecule, comprising: (a) a first poly- 
nucleotide encoding a non-secAl bacterial signal peptide, 
and (b) a second polynucleotide encoding a polypeptide, 
such as an antigen, wherein the second polynucleotide is in 
the same translational reading frame as the first polynucle- 
oiide, wherein the recombinant nucleic acid molecule 
encodes a fusion protein comprising the signal peptide and 
the polypeptide. In some embodiments, the non-secAl bac- 
terial signal peptide is a secA2 signal peptide or a Tat signal 
peptide. In some embodiments, the first polynucleotide 
encoding the non-secAl signal peptide is codon-optimized 
for expression in the bacteria in which the recombinant 
nucleic acid molecule is intended to be placed (e.g., List- 
eria). In some embodiments, the second polynucleotide 
encoding a polypeptide, such as an antigen, Is codon- 
optimized for expression in the bacteria in which the recom- 
binant nucleic acid molecule is intended to be placed. In 
some embodiments, the polypeptide encoded by the second 
polynucleotide is heterologous to the signal peptide. In some 
embodiments, the polypeptide encoded by the second poly- 
nucleotide is foreign to the bacterium in which the recom- 
binant nucleic acid molecule is to be incorporated or has 
been incorporated. In some embodiments, the polypeptide 
encoded by the second polynucleotide is foreign to the 
bacterium in which the recombinant nucleic acid molecule is 
to be incorporated or has been incorporated and the polypep- 
tide encoded by the second polynucleotide is also heterolo- 
gous to the signal peptide. 

[0122] The invention further provides a recombinant 
nucleic acid molecule, comprising a first polynucleotide 
encoding a non-secAl bacterial signal peptide, a second 
polynucleotide encoding a polypeptide (e.g., heterologous 



protein and/or antigen), and a third polynucleotide encoding 
a SecA2 autolysin, or fragment thereof, in the same trans- 
lational reading frame as the first and second polynucle- 
otides, wherein the second polynucleotide is positioned 
within the third polynucleotide or between the first and third 
polynucleotides. In some embodiments, the recombinant 
nucleic acid molecule encodes a fusion protein comprising 
the signal peptide, the polypeptide, and the autolysin. In 
some embodiments, the fragment of the autolysin is cata- 
lytically active as an autolysin. In some embodiments, the 
autolysin is from an intracellular bacterium. In some 
embodiments, the autolysin is a peptidoglycan hydrolase. In 
some embodiments, the bacterial autolysin is a Listerial 
autolysin. In some embodiments, the autolysin is p60. In 
some embodiments, the autolysin is N-acetylmuramidase. 

[0123] The invention also provides a recombinant nucleic 
acid molecule, wherein the recombinant nucleic acid mol- 
ecule comprises (a) a first polynucleotide encoding a non- 
Listerial signal peptide; and (b) a second polynucleotide 
encoding a polypeptide that is in the same translational 
reading frame as the first polynucleotide, wherein the recom- 
binant nucleic acid molecule encodes a fusion protein com- 
prising both the non-Listerial signal peptide and the 
polypeptide. In some embodiments, the non-Listerial signal 
peptide is heterologous to the polypeptide encoded by the 
second polynucleotide. In some embodiments, the first poly- 
nucleotide, the second polynucleotide, or both the first and 
second polynucleotides are codon-optimized for expression 
in a Listeria bacterium. 

[0124] The invention also provides a recombinant nucleic 
acid molecule, comprising (a) a first polynucleotide encod- 
ing a bacterial autolysin, or a catalytically active fragment or 
catalytically active variant thereof, and (b) a second poly- 
nucleotide encoding a polypeptide, wherein the second 
polynucleotide is in the same translational reading frame as 
the first polynucleotide, wherein the recombinant nucleic 
acid molecule encodes a protein chimera comprising the 
polypeptide encoded by the second polynucleotide and the 
autolysin, or catalytically active fragment or catalytically 
active variant thereof, wherein, in the protein chimera, the 
polypeptide is fused to the autolysin, or catalytically active 
fragment or catalytically active variant thereof, or is posi- 
tioned within the autolysin, or catalytically active fragment 
or catalytically active variant thereof. In some embodiments, 
the second polynucleotide is positioned within the first 
polynucleotide, and the recombinant nucleic acid molecule 
encodes a protein chimera in which the polypeptide encoded 
by the second polynucleotide is positioned within the autol- 
ysin, or catalytically active fragment or catalytically active 
variant thereof. In some embodiments, the second poly- 
nucleotide is positioned outside the second polynucleotide, 
and the recombinant nucleic acid molecule encodes a protein 
chimera in which the polypeptide encoded by the second 
polynucleotide is fused to the autolysin, or catalytically 
active fragment or catalytically active variant thereof. In 
some embodiments, the first polynucleotide encodes an 
autolysin. In some embodiments, the recombinant nucleic 
acid molecule further comprises (c) a third polynucleotide 
encoding a signal peptide in the same translational reading 
frame as the first and second polynucleotides, wherein the 
recombinant nucleic acid molecule encodes a protein chi- 
mera comprising the signal peptide, the polypeptide encoded 
by the second polynucleotide, and the autolysin, or catalyti- 
cally active fragment or catalytically active variant thereof. 
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In some embodiments, the polypeptide encoded by the 
second polynucleotide is heterologous to the autolysin. In 
some embodiments, the fragments of the aulolysin are al 
least about 30, at least about 40, at least about 50, or at least 
about 100 amino acids in length. In some embodiments, the 
autolysin is from an intracellular bacterium. In some 
embodiments, the bacterial autolysin is a Listerial autolysin. 
Catalylically active variants of an autolysin include variants 
that differ from the original autolysin in one or more 
substitutions, deletions, additions, and/or insertions. In some 
embodiments, the autolysin is a peptidoglycan hydrolase. In 
some embodiments, the aulolysin is p60. In some embodi- 
ments, the aulolysin is N-acetylmuramidase. 

[0125] Additional autolysins can be identified and char- 
acterized by kymography, a technique known to those skilled 
in ihe art (see, e.g., Lenz, et al. (2003) Proc. Natl. Acad. Sci. 
USA 100:12432-12437). Zymography can also be used 
determine whether a given fragment and/or variant of an 
aulolysin is calalytically active as an aulolysin. 'ITie tech- 
nique can also be used to assess whether or not a particular 
protein chimera is calalytically active as an autolysin. 

[0126] In some embodiments, the calalytically active frag- 
ments and/or variants of the autolysin arc at least about 10%, 
at least about 30%, at least about 50%, at least about 75%, 
al least about 90%, or at least about 95% as calalytically 
active as an autolysin as the native autolysin. 

[0127] In some embodiments, the protein chimera is cata- 
lylically active as an autolysin. In some embodiments, Ihe 
protein chimera is at least about 10%, at least aboul 30%, at 
least about 50%, at least about 75%, at least about 90%, or 
at least about 95% as catalytically active as an autolysin as 
the nalive aulolysin. 

[0128] Another option for heterologous protein expression 
is to utilize a protein "scaffold" into which a heterologous 
protein is functionally inserted "in-frame. 1 ' In this compo- 
sition, whole genes or components of the gene correspond- 
ing to, for example, MHC class I or MHC class II epitopes 
are inserted within and through a sea lib Id protein. The 
scaffold protein can be a highly expressed bacterial proteins 
(such as a Listeria protein, like LLO or p60), but in another 
embodiment can be a heterologous protein that is selected 
for its high expression, stability, secretion, and or (lack of) 
immunogenicity. Representative examples of sea lib Id pro- 
teins arc chicken ovalbumin, or other human proteins, such 
as p-globin or albumin. 

[0129] The invention also provides a recombinant nucleic 
acid molecule, comprising (a) a first polynucleotide encod- 
ing a signal peptide, (b) a second polynucleotide encoding a 
secreted protein, or a fragment thereof, wherein the second 
polynucleotide is in the same translational reading frame as 
the first polynucleotide, and (c) a third polynucleotide 
encoding a polypeptide heterologous to the secreted protein, 
or fragment thereof, wherein the third polynucleotide is in 
the same translational reading frame as the first and second 
polynucleotides, wherein the recombinant nucleic acid mol- 
ecule encodes a protein chimera comprising the signal 
peptide, Ihe polypeptide encoded by the second polynucle- 
otide, and the secreted protein, or fragment thereof, and 
wherein the polypeptide is fused to the secreted protein, or 
fragment thereof, or is positioned within the secreted pro- 
tein, or fragment thereof, in the protein chimera. In some 
embodiments, Ihe second polynucleotide encodes a secreted 



protein. In some embodiments, the secreted protein is a 
protein that is secreted from its native cell. In some embodi- 
ments, the third polynucleotide is positioned within the 
second polynucleotide in the recombinant nucleic acid mol- 
ecule, and the polypeptide encoded by the third polynucle- 
otide is positioned with the secreted protein, or fragment 
thereof, in the protein chimera encoded by the recombinant 
nucleic acid molecule. In some embodiments, the third 
polynucleotide is positioned outside of the second poly- 
nucleotide in the nucleic acid molecule and the polypeptide 
encoded by the third polynucleotide is fused to the secreted 
protein or fragment thereof, in the protein chimera. In some 
embodiments, the secreted protein is ovalbumin. In some 
embodiments, a truncated form of ovalbumin is used. In 
some embodiments, the secreted protein is p60. In some 
embodiments, the secreted protein is N-acetylmuramidase. 
In some embodiments, the signal peptide is the signal 
peptide normally associated with the secreted protein. In 
some embodiments, Ihe signal peplide is heterologous to the 
secreted protein. In some embodiments, the fragments of the 
secreted protein arc al least about 30, at least about 40, at 
least about 50, or at least about 100 amino acids in length. 

[0130] In some embodiments, the recombinant nucleic 
acid molecule, expression cassette, or expression vector 
comprises a coding sequence for a polypeptide that is 
foreign to the bacteria, embedded within part or a whole 
coding sequence of a protein that is highly expressed within 
the bacteria. In some embodiments, the highly expressed 
sequence is native to the bacteria in which the sequence is 
to be expressed. In other embodiments, the highly expressed 
sequence is not native to the bacteria in which it is to be 
expressed, but provides sufficient expression, nonetheless. 

[0131] In another aspect, the invention provides a recom- 
binant nucleic acid molecule, wherein the nucleic acid 
molecule encodes at least two discrete non-Listerial 
polypeptides. In some embodiments, the polynucleotides 
encoding the non-Listerial polypeptides are codon-opli- 
mized for expression in a Listeria bacterium. 

[0132] Methods of preparing recombinant nucleic acid 
molecules, including those described above, arc well known 
to those of ordinary skill in the art. For instance, recombi- 
nant nucleic acid molecules can be prepared by synthesizing 
long oligonucleotides on a DNA synthesizer which overlap 
with each other and l hen performing extension reaction 
and/or PCR to generate the desired quantity of double- 
stranded DNA. The double-stranded DNA can be cut with 
restriction enzymes and inserted into the desired expression 
or cloning vectors. Sequencing may be performed to verify 
that the correct sequence has been obtained. Also by way of 
non-limiting example, alternatively, one or more portions of 
the recombinant nucleic acid molecules may be obtained 
from plasmids containing the portions. PCR of ihe relevant 
portions of the plasmid and/or restriction enzyme excision of 
the relevant portions of the plasmid can be performed, 
followed by ligation and/or PCR to combine the relevant 
polynucleotides to generate the desired recombinant nucleic 
acid molecules. Such techniques are standard in Ihe arl. 
Standard cloning techniques may also be used to insert the 
recombinant nucleic acid sequence into a plasmid and 
replicate the recombinant nucleic acid within a host cell, 
such as bacteria. The recombinant nucleic acid can then be 
isolated from the host cell. 



US 2005/0249748 Al 



18 



Nov. 10, 2005 



[0133] The invention also provides a method of using any 
of the recombinant nucleic acid molecules described herein 
to produce a recombinant bacterium (e.g. a recombinant 
Listeria bacterium). In some embodiments, the method of 
using a recombinant nucleic acid molecule described herein 
to make a recombinant bacterium comprises introducing the 
recombinant nucleic acid molecule into a bacterium. In 
some embodiments, the recombinant nucleic acid molecule 
is integrated into the genome of the bacterium. In some other 
embodiments, the recombinant nucleic acid molecule is on 
a plasmid which is incorporated within the bacterium. In 
some embodiments, incorporation of the recombinant 
nucleic acid molecule into the bacterium occurs by conju- 
gation. The introduction into the bacterium can be effected 
by any of the standard techniques known in the art. For 
instance, incorporation of the recombinant nucleic acid 
molecule into the bacterium can occur by conjugation, 
transduction (transfection), or transformation. 

[0134] III. Signal Peptides 

[0135] In some embodiments, the recombinant nucleic 
acid molecules, expression cassettes, and/or vectors of the 
invention encode fusion proteins or protein chimeras which 
comprise signal peptides and are suitable for expression in 
and secretion from host cells such as bacteria. Thus, in some 
embodiments, the recombinant nucleic acid molecules, 
expression cassettes and/or vectors of the invention com- 
prise polynucleotides encoding signal peptides. 

[0136] The terms "signal peptide" and "signal sequence," 
are used interchangeably herein. In some embodiments, the 
signal peptide helps facilitate transportation of a polypeptide 
fused to the signal peptide across the cell membrane of a cell 
(e.g., a bacterial cell) so that the polypeptide is secreted from 
the cell. Accordingly, in some embodiments, the signal 
peptide is a "secretory signal peptide" or "secretory 
sequence". In some embodiments, the signal peptide is 
positioned at the N-tcrminal end of the polypeptide to be 
secreted. 

[0137] In some embodiments, the sequence encoding the 
signal peptide in the recombinant nucleic acid molecule or 
expression cassette is positioned within the recombinant 
nucleic acid molecule or expression cassette such that the 
encoded signal peptide will effect secretion, of the polypep- 
tide to which it is fused from the desired host cell (e.g., a 
bacterium). In some embodiments, in a recombinant nucleic 
acid molecule or an expression cassette, the polynucleotide 
encoding the signal peptide is positioned in frame (cither 
directly or separated by intervening polynucleotides) at the 
5' end of the polynucleotide that encodes the polypeptide to 
be secreted (e.g., a polypeptide comprising an antigen). 

[0138] In some embodiments, the signal peptides that are 
a part of the fusion proteins and/or protein chimeras encoded 
by the recombinant nucleic acid molecules, expression cas- 
settes and/or expression vectors, are heterologous to at least 
one other polypeptide sequence in the fusion protein and/or 
protein chimera. In some embodiments, the signal peptide 
encoded by the recombinant nucleic acid molecule, expres- 
sion cassette and/or expression vector is heterologous (i.e., 
foreign) to the bacterium into which the recombinant nucleic 
acid molecule, expression cassette and/or expression vector 
is to be incorporated or has been incorporated. In some 



embodiments, the signal peptide is native to the bacterium in 
which the recombinant nucleic acid molecule, expression 
cassette and/or expression vector is to be incorporated. 

[0139] In some embodiments, the polynucleotide encod- 
ing the signal peptide is codon-optimized for expression in 
a bacterium (e.g., Listeria such as Listeria monocytogenes). 
In some embodiments, the polynucleotide that is codon- 
optimized for a particular bacterium is foreign to the bac- 
terium. In other embodiments, the polynucleotide that is 
codon-optimized for a particular bacterium is native to that 
bacterium. 

[0140] A large variety of signal peptides are known in the 
art. In addition, a variety of algorithms and software pro- 
grams, such as the "Signal P" algorithms, which can be used 
to predict signal peptide sequences are available in the art. 
For instance, see: Antelmann et al., Genome Res., 11:1484- 
502 (2001); Mcnnc ct al., Bioinformatics, 16:741-2 (2000); 
Nielsen el al., Protein Eng., 10:1-6 (1997); Zhang et al., 
Protein Sci., 13:2819-24 (2004); Bendtsen el al., J. Mol. 
Biol, 340:783-95 (2004) (regarding SignalP 3.0); Miller et 
al., Nucleic Acids Res., 32:W375-9 (2004); Schneider et al., 
Proteomics 4:1571-80 (2004); Chou, Curr. Protein Pept. 
Sci., 3:615-22 (2002); Shah et al., Bioinformatics, 19:1985- 
96 (2003); and Yuan et al., Biochem. Biophys. Res. Com- 
mun. 312:1278-83 (2003). 

[0141] In some embodiments the signal peptide is 
prokaryotic. In some alternative embodiments, the signal 
peptide is eukaryotic. The use of eukaryotic signal peptides 
for expression of proteins in Escherichia coli for example, 
is described in Humphreys et al., Protein Expression and 
Purification, 20:252-264 (2000). 

[0142] In some embodiments, the signal peptide is a 
bacterial signal peptide. In some embodiments, the signal 
peptide is a non-Listcrial signal peptide. In some embodi- 
ments, the signal peptide is a Listerial signal peptide. In 
some embodiments the signal peptide is derived from a 
gram-positive bacterium. In some embodiments, the signal 
peptide is derived from an intracellular bacterium. 

[0143] In some embodiments, the signal peptide (e.g., a 
non-secAl bacterial signal peptide) used in a recombinant 
nucleic acid molecule, expression cassette, or expression 
vector is derived from Listeria. In some embodiments, this 
signal peptide is derived from Listeria monocytogenes. In 
some embodiments, the signal peptide is a signal peptide 
from Listeria monocytogenes. In some embodiments, the 
signal peptide is not derived from Listeria, but is instead 
derived from a bacterium other than a bacterium belonging 
to the genus Listeria. In some embodiments, the bacterial 
signal peptide is derived from a Bacillus bacterium. In some 
embodiments, the bacterial signal peptide is derived from 
Bacillus subtilis. In some embodiments, the bacterial signal 
peptide is derived from a bacterium belonging to the genus 
Staphylococcus. In some embodiments, the bacterial signal 
peptide is derived from a Lactococcus bacterium. In some 
embodiments, the bacterial signal peptide is derived from a 
Bacillus, Staphylococcus , or Lactococcus bacterium. In 
some embodiments, the bacterial signal peptide is a signal 
peptide from a Bacillus, Staphylococcus, or Lactococcus 
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bacterium. In some embodiments, the bacterial signal pep- 
tide is a signal peptide derived from Bacillus anthracis, 
Bacillus subtilis, Staphylococcus aureus, or Laclococcus 
lactis. In some embodiments, the bacterial signal peptide is 
a signal peptide from Bacillus anthracis. In some embodi- 
ments, the bacterial signal peptide is a signal peptide from 
Bacillus subtilis. In some embodiments, the bacterial signal 
peptide is a signal peptide from Lactococcus lactis. In some 
embodiments, the bacterial signal peptide is a signal peptide 
from Staphylococcus aureus. 

[0144] In some embodiments of the polynucleotides 
described herein, the signal peptide that is derived from an 
organism, such as a bacterium, is identical to a naturally 
occurring signal peptide sequence obtained from the organ- 
ism. In other embodiments, the signal peptide sequence 
encoded by the recombinant nucleic acid molecule, expres- 
sion cassette, and/or expression vector is derived from a 
naturally occurring signal peptide sequence, i.e., a fragment 
and/or variant of a naturally occurring signal peptide 
sequence, wherein the fragment or variant still functions as 
a signal peptide. A variant includes polypeptides that differ 
from the original sequence by one or more substitutions, 
deletions, additions, and/or insertions. For instance, in some 
embodiments the signal peptide that is encoded by the 
polynucleotides contains one or more conservative muta- 
tions. Possible conservative amino acid changes are well 
known to those of ordinary skill in the art. See, e.g., Section 
IV of the Detailed Description, below, for additional infor- 
mation regarding conservative amino acid changes. 

[0145] A signal peptide derived from another signal pep- 
tide (i.e., a fragment and/or variant of the other signal 
peptide) is preferably substantially equivalent to the original 
signal peptide. For instance, the ability of a signal peptide 
derived from another signal peptide to function as a signal 
peptide should be substantially unaffected by the variations 
(deletions, mutations, etc.) made to the original signal pep- 
tide sequence. In some embodiments, the derived signal 
peptide is at least about 70%, at least about 80%, at least 
about 90%, or at least about 95% able to function as a signal 
peptide as the native signal peptide sequence. In some 
embodiments, the signal peptide has at least about 70%, at 
least about 80%, at least about 90%, or at least about 95% 
identity in amino acid sequence to the original signal pep- 
tide. In some embodiments, the only alterations made in the 
sequence of the signal peptide are conservative amino acid 
substitutions. Fragments of signal peptides arc preferably at 
least about 80% or at least about 90% of the length of the 
original signal peptides. 

[0146] In some embodiments, the signal peptide encoded 
by a polynucleotide in the recombinant nucleic acid mol- 
ecules, expression cassettes, or expression vectors is a secA l 
signal peptide, a sccA2 signal peptide, or a Twin-argininc 
translocation (Tat) signal peptide. In some embodiments, the 
signal peptide is a secAl signal peptide signal peptide. In 
some embodiments, the signal peptide is a non-secAl signal 
peptide. In some embodiments, the signal peptide is a secA2 
signal peptide. In some embodiments, the signal peptide is 
a twin-arginine translocation (Tat) signal peptide. In some 
embodiments, these secAl, secA2, or Tat signal peptides are 
derived from Listeria. In some embodiments, these secAl, 



secA2, or Tat signal peptides are non-Listerial. For instance, 
in some embodiments, the secAl, secA2, and Tat signal 
peptides are derived from bacteria belonging to one of the 
following genera: Bacillus, Staphylococcus, ox Lactococcus. 

[0147] Bacteria utilize diverse pathways for protein secre- 
tion, including secAl, secA2, and Twin-Arg Translocation 
(Tat). Which pathway is utilized is largely determined by the 
type of signal sequence located at the N-terminal end of the 
pre-protein. The majority of secreted proteins utilize the Sec 
pathway, in which the protein translocates through the 
bacterial membrane-embedded proteinaceous Sec pore in an 
unfolded conformation. In contrast, the proteins utilizing the 
Tat pathway are secreted in a folded conformation. Nucle- 
otide sequence encoding signal peptides corresponding to 
any of these protein secretion pathways can be fused geneti- 
cally in-frame to a desired heterologous protein coding 
sequence. The signal peptides optimally contain a signal 
peptidase cleavage site at their carboxyl terminus for release 
of the authentic desired protein into the extra-cellular envi- 
ronment (Sharkov and Cai. 2002 7. Biol. Chem. 277:5796- 
5803; Nielsen et. al. 1997 Protein Engineering 10:1-6; and, 
www.cbs.dtu.dk/services/SignalP/). 

[0148] The signal peptides used in the polynucleotides of 
the invention can be derived not only from diverse secretion 
pathways, but also from diverse bacterial genera. Signal 
peptides generally have a common structural organization, 
having a charged N-terminus (N-domain), a hydrophobic 
core region (H-domain) and a more polar C-terminal region 
(C-domain), however, they do not show sequence conser- 
vation. In some embodiments, the C-domain of the signal 
peptide carries a type I signal peptidase (SPase I) cleavage 
site, having the consensus sequence A-X-A, at positions- 1 
and -3 relative to the cleavage site. Proteins secreted via the 
sec pathway have signal peptides that average 28 residues. 
The secA2 protein secretion pathway was first discovered in 
Listeria monocytogenes', mutants in the secA2 paralogue are 
characterized by a rough colony phenotype on agar media, 
and an attenuated virulence phenotype in mice (Lenz and 
Portnoy, 2002 Mol. Microbiol. 45:1043-1056; and, Lenz et. 
al 2003 PNAS 100:12432-12437). Signal peptides related to 
proteins secreted by the Tat pathway have a tripartite orga- 
nization similar to Sec signal peptides, but are characterized 
by having an RR-motif (R — R — X-#-#, where # is a hydro- 
phobic residue), located at the N-domain/H-domain bound- 
ary. Bacterial Tat signal peptides average 14 amino acids 
longer than sec signal peptides. The Bacillus subtilis secre- 
tome may contain as many as 69 putative proteins that utilize 
the Tat secretion pathway, 14 of which contain a SPase I 
cleavage site (Jongbloed et. al. 2002 J. Biol. Chem. 
277:44068-44078; Thalsma et. al., 2000 Microbiol. Mol. 
Biol. Rev. 64:515-547). 

[0149] Shown in Table 1 below are non-limiting examples 
of signal peptides that can be used in fusion compositions 
(including protein chimera compositions) with a selected 
other polypeptide such as a heterologous polypeptide, result- 
ing in secretion from the bacterium of the encoded protein. 
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TABLE 1 



Some exemplary signal peptides 
Signal peptidase 



Secretion 


Signal Peptide Amino Acid 


Site (cleavage site 






Pathway 


Sequence (NH2 - - OO2) 


represented by ') 


Gene 


Genus/species 


secAJ 


MKKIMLVFITLILVSLPIAQQ 


TEA'KD 




hly (LLO) 


Listeria 




IriAMJ (Sr.lJ \\J rMi.J: 


(SEQ ID NO: 


54) 




motiocy togenes 




MKKKIISAILMS1VILSAAAP 


VYA'DT 




Usp45 


Lactococcits 




LSGVYADT (SEQ ID NO: 46) 


(SEQ ID NO: 


55) 


laclis 




MKKRKVLIPLMALSTTLVSS 


IQA'EV 




Pag 


Bacillus 




TGNLEVIQAEV (SEQ ID NO: 47) 


(SEQ ID NO: 


56) 


(Protective 


anthracis 








Antigen) 




secA2 


MNM KKATI AATAG I AVTAF 


ASA'ST 




iap 


Listeria 




AAPTIASAST (SEQ ID NO: 48) 


(SEQ ID NO: 


57) 


invasion-associated 
protein p60 


monocytogenes 




MQKTRKERILEALOEEKKN 


VSA'DE 




Nam A 


Listeria 




KKS KXFKTG ATI AG VTAIAT 


(SEQ ID NO: 


58) 


lmo2691 


monocytogenes 




SITVPGIEVIVSADE (SEQ ID NO: 49) 






(autolysin) 






MKKLKMASCALVAG LMFS 


A FA' ED 




* BA_0281 


Bacillus 




GLTPNAFAED (SEQ ID NO: 50) 


(SEQ ID NO: 


59) 


(NLP/P60 Family) 


anthracis 




MAK KFNYKLPSM VA LTLVG 


VQA'AE 




* at) 


Staphylococcus 




S AVTAHQ VQ AAE (SEQ ID NO: 51) 


(SEQ ID NO: 


60) 


(autolysin) 


aureus 


Tm 


MTDKKSENQTEKTETKENK 


DKA'LT 




lmo0367 


Listeria 




GMTRRF.MUC1 SAVAGTGIA 


(SEQ ID NO: 


61) 




monocytogenes 




VG ATG LGTILN V V DQ VDKA 












LT (SEQ ID NO: 52) 












MAYDSRFDEWVQKLKEESF 


VGA'FG 




PhoD 


Bacillus subtil is 




QNNTFDRRKFIQGAGKIAGL 


(SEQ ID NO: 


62) 


(alkaline 






SLGLTIAQSVGAFG (SEQ ID NO: 53) 






phosphatase) 





* Bacterial autolysins secreted by sec pathway (not determined whether secAl or secA2). 



[0150] Accordingly, in some embodiments, the sequence 
that encodes the signal peptide encodes a secAl signal 
peptide. An example of a secAl signal peptide is the 
Listeriolysin O (LLO) signal peptide from Listeria mono- 
cytogenes. In some embodiments, the recombinant nucleic 
acid molecule or expression cassette comprising a poly- 
nucleotide encoding an LLO signal peptide further com- 
prises a polynucleotide sequence encoding the LLO PEST 
sequence. Other examples of secAl signal peptides suitable 
for use in the present invention include the signal peptides 
from the Usp45 gene in Lactococciis lactis (see Table 1, 
above, and Example 12 below) and Pag (Protective Antigen) 
gene from Bacillus anthracis. Thus, in some embodiments, 
the signal peptide is a protective antigen signal peptide from 
Hacillus anthracis. In some other embodiments, the signal 
peptide is a secAl signal peptide other than the protective 
antigen signal peptide from Hacillus anthracis. Another 
example of a secAl signal peptide is the SpsB signal peptide 
from Staphylococcus aureus (Sharkov et al.,7. of Biological 
Chemistry, 277: 5796-5803 (2002)). 

[0151] In some alternative embodiments, the heterologous 
coding sequences are genetically fused with signal peptides 
that are recognized by the secA2 pathway protein secretion 
complex. An auxiliary Sec A paralog (SecA2) has been 
identified in nine Gram-positive bacteria that cause severe or 
lethal infections of humans. SecA2 is required for secretion 
of a subset of the exported proteomes (secretomes) of 
Listeria, Mycobacteria, and Streptococci (Hraunstein et al., 
Mol. Microbiol. 48:453-64 (2003); Bensing et al., Mol. 
Microbiol., 44:1081-94 (2002); Lcnzct al., Mol. Microbiol., 
45:1043-1056 (2002); and Braunstein et al., J. Bacteriology, 
183:6979-6990 (2001)). The Listeria monocytogenes SecA2 
was identified through its association with bacterial smooth- 



rough variation, and mutations in sccA2 reduced virulence 
of L. monocytogenes and Mycobacterium tuberculosis. 

[0152] For example, the Listeria protein p60 is a pepti- 
doglycan autolysin that is secreted by the secA2 pathway. As 
an example, the secA2 signal peptide and signal peptidase 
cleavage site from p60 can be linked genetically with the 
amino terminus of a desired protein (e.g. antigen)-encoding 
gene. In one embodiment, the pre-protein comprised of the 
secA2 signal peptide and signal peptidase-antigen fusion is 
translated from an expression cassette within a bacterium, 
transported through the Gram-positive cell wall, in which 
the authentic heterologous protein is released into the extra- 
cellular milieu. 

[0153] Alternatively, a heterologous sequence can be 
incorporated "in-frame" within p60, such that the heterolo- 
gous protein is secreted in the form of a chimeric p60- 
heterologous protein. Insertion of the heterologous protein 
coding sequence in-frame into p60 can occur, for example, 
at the junction between the signal peptidase cleavage site 
and the mature p60 protein. In this embodiment, the chi- 
meric protein retains the appropriate sccA2 secretion sig- 
nals, and also its autolysin activity, meaning that the heter- 
ologous protein is secreted as a gratuitous passenger of p60. 
In-frame incorporation of the heterologous antigen into p60 
can be engineered at any point within p60 that retains both 
the secretion and autolysin activities of the p60 protein. An 
example of a partial expression cassette suitable for insertion 
of the desired antigen or other heterologous polypeptide 
coding sequence is described in Example 13, below. 

[0154] In some embodiments, the fusion protein encoded 
by the recombinant nucleic acid molecule is a chimera 
comprising a bacterial protein having a particular desirable 
property (in addition to the desired heterologous protein 
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such as an antigen). In some embodiments the chimera 
comprises a hydrolase. In some embodiments, the recom- 
binant nucleic acid molecule encodes a p60 chimera com- 
prising the endopeptidase p60, a peptidoglycan hydrolase 
that degrades the bacterial cell wall. In some embodiments, 
the fusion protein encoded by the recombinant nucleic acid 
molecule comprises a L. monocytogenes hydrolase, for 
example, p60 (see, e.g., Genbank accession no. 
NP_464110) or N-acetylmuramidase (Nam A) (Genbank 
accession no. NP_466213), both of which arc secA2 depen- 
dent secreted proteins that degrade the cell wall. Such 
particular protein chimera compositions take advantage of 
not only molecular chaperones required for secretion of 
bacterial proteins, but also of the activity of the bacterial 
protein that can facilitate its secretion. Particular protein 
chimeras comprised of precise placement of a heterologous 
protein encoding sequence with a L. monocytogenes hydro- 
lase result in the efficient expression and secretion of the 
heterologous protein. (Sec, e.g., the specific example, 
Example 29, below.) Accordingly, in some embodiments, 
the signal peptide encoded by the recombinant nucleic acid 
molecule as part of a fusion protein is p60 signal peptide. In 
some embodiments, the signal peptide encoded by the 
recombinant nucleic acid molecule as part of a fusion 
protein is a NamA signal peptide. 

[0155] In some embodiments, the recombinant nucleic 
acid molecule comprises a third polynucleotide sequence 
encoding p60 protein, or a fragment thereof, in the same 
translalional reading frame as both the first polynucleotide 
encoding the p60 signal peptide and the second polynucle- 
otide encoding the other polypeptide (e.g., antigen). The 
recombinant nucleic acid molecule then encodes a fusion 
protein comprising the signal peptide, the polypeptide 
encoded by the second polynucleotide (e.g., an antigen), and 
the p60 protein, or a fragment thereof. In such embodiments, 
the second polynucleotide is preferably positioned either 
within the third polynucleotide or between the first and third 
polynucleotides. 

[0156] In some embodiments, the secA2 signal peptide is 
a sccA2 signal peptide derived from Listeria. For instance, 
in some embodiments, the signal peptide is a secA2 signal 
peptide such as the p60 signal peptide or the N-acetylmu- 
ramidase (NamA) signal peptide from L. monocytogenes. In 
addition, other L. monocytogenes proteins have been iden- 
tified as not being secreted in the absence of sccA2 (Lcnz et 
al., Mol. Microbiology 45:1043-1056 (2002)) and poly- 
nucleotides encoding the signal peptides from these proteins 
can be used in some embodiments. Additionally, secA2 
signal peptides from bacteria other than Listeria can be 
utilized for expression and secretion of heterologous pro- 
teins from recombinant Listeria or other bacteria. For 
instance, as an illustrative but non-limiting example, secA2 
signal peptides from B. ant fir acts can be used in the recom- 
binant nucleic acid molecules and/or expression cassettes. In 
other embodiments, a secA2 signal peptide from 5. aureus 
is used. See Table 1. Proteins secreted via the SecA2 
pathway in other bacteria have also been identified (see, e.g., 
Braunstein et al., Mol. Microbiol., 48:453-64 (2003) and 
Bcnsing et al., Mol. Microbiol. 44:1081-94 (2002)). 

[0157] Additional proteins secreted via the sccA2 pathway 
can be identified. SecA2 homologues have been identified in 
a number of bacterial species (see, e.g., Lenz et al., Mol. 
Microbiology 45:1043-1056 (2002) and Braunstein et al., J. 



Bacteriology, 183:6979-6990 (2001)). Additional secA2 
homologues can be identified by further sequence compari- 
son using techniques known to those skilled in the art. Once 
a homologue is identified, the horaologue can be deleted 
from the bacterial organism to generate a AsccA2 mutant. 
The supernatant proteins of the wild-type and mutant bac- 
terial cultures can be TCA-precipitated and analyzed by any 
of the proteomics techniques known in the art to determine 
which proteins are secreted by the wild-type bacteria, but not 
the AsccA2 mutant. For instance, the secreted proteins can 
be analyzed via SDS-PAGE and silver staining. The result- 
ing bands can be compared to identify those proteins for 
which secretion did not occur in the absence of the SecA2. 
(See, e.g., Lenz et al., Mol. Microbiology 45:1043-1056 
(2002)). The N-terminal sequences of these proteins can 
then be analyzed (e.g., with an algorithm to predict the 
signal peptide cleavage site) to determine the secA2 signal 
peptide sequence used by that protein. N-terminal sequenc- 
ing by automated Edman degradation can also be performed 
to identify the sequence of the signal peptide. 

[0158] In alternative embodiments, the polynucleotides 
encode polypeptides (e.g., heterologous polypeptide 
sequences) that are genetically fused with signal peptides 
that are recognized by the Tat pathway protein secretion 
complex. The Tat secretion pathway is utilized by bacteria, 
including Listeria spp., for secretion of proteins that arc 
folded within the bacterium. For example, the Listeria 
innocua protein YwbN has a putative Tat motif at its amino 
terminus and thus uses the Tat pathway for secretion (Gen- 
bank Accession No. NP_469731 [gi|16799463|ref]NP_ 
469731.1] conserved hypothetical protein similar \oB. sub- 
tilis YwbN protein {Listeria innocua)], incorporated by 
reference herein). Another protein containing a Tat signal 
peptide is the YwbN protein from Listeria monocytogenes 
strain EGD(c) (Genbank Accession No. NP__463897 
[gi|16802412|ref|NP_463897.1| conserved hypothetical 
protein similar to B. subtilis YwbN protein (Listeria mono- 
cytogenes EGO (e)]). As an example, the YwbN signal 
peptide and signal peptidase cleavage site from YwbN can 
be linked genetically with the amino terminus of a desired 
protein (e.g. antigen)-encoding gene. In this composition, 
the pre-protein comprised of the Tat signal peptide and 
signal peptidase -antigen fusion will be translated from an 
expression cassette within the bacterium, transported 
through the Gram-positive cell wall, in which the authentic 
heterologous protein is released into the extracellular milieu. 
Another protein predicted to be secreted from listeria 
innocua via the Tat pathway is 3-oxoxacyl-acyl carrier 
protein synthase (Genbank Accession No. NP_471636 
[gi|16801368|rei]NP_ 471636. 1| similar to 3 (oxoacyl(acyl- 
(carrier protein synthase (Listeria innocua)]). Polynucle- 
otides encoding signal sequences from any of these proteins 
predicted to be secreted from Listeria via the Tat secretory 
pathway may be used in the polynucleotides, expression 
cassettes, and/or expression vectors described herein. 

[0159] Tat signal sequences from other bacteria can also 
be used as signal peptides, including, but not restricted to, 
phoD from B. subtilis. Examples of Tat signal peptides from 
Bacillus subtilis, such as phol), are described in Jongbloed 
et al., J. of Biological Chemistry 277:44068-44078 (2002); 
Jongbloed et al., J. of Biological Chemistry, 275:41350- 
41357 (2000), Pop el al., J. of Biological Chemistry, 
277:3268-3273 (2002); van Dijl et al.,/. of Biotechnology 
98:243-254 (2002); and Tjalsma et al., Microbiology and 
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Molecular Biology Reviews, 64: 515-547 (2000), all of 
which are incorporated by reference herein in their entirety. 
Other proteins identified in B. subtilis that have been pre- 
dicted to be secreted by the Tat pathway include those 
sequences having the following Gcnbank/Embl Accession 
Nos.: CAB15017 [gi|2635523|emb|CAB15017.1| similar to 
two (component sensor histidine kinase (YtsA) (Bacillus 
subtilis)]; CAB12056 [gi|2632548|emb|CAB 12056.1] phos- 
phodiesterase/alkaline phosphatase D (Bacillus subtilis)]; 
CAB12081 [gi|2632573|emb|CAB12081.1| similar to hypo- 
thetical proteins (Bacillus subtilis)]; CAB 13278 
[gi|2633776|emb|CAB13278.l| similar to hypothetical pro- 
teins (Bacillus subtilis)]; CAB14172 
[gi|2634674|emb|CAB14172.1| menaquinol: cytochrome c 
oxidoreductase (iron (sulfur subunit) (Bacillus subtilis)]; 
CAB15089 [gi|2635595|emb|CAB15089.l| yubF (Bacillus 
subtilis)]; and CAB15852 [gi|2636361|emb|CAB15852.1| 
alternate gene name: ipa (29d~similar to hypothetical pro- 
teins (Bacillus subtilis)], the sequences of which are all 
incorporated by reference herein. Thus, in some embodi- 
ments, the signal peptide encoded by the polynucleotide in 
the recombinant nucleic acid molecule and/or the expression 
cassettes is a Tat signal peptide derived from B. subtilis. 
Information on Tat signal peptides from Pseudomonas 
aeruginosa is provided in Ochsner et al., PNAS, 99: 8312- 
8317 (2002). Also, Tat signal peptides from a wide variety 
of other bacteria are described in Dilks et al., J. of Bacte- 
riology, 185: 1478-1483 (2003) and Berks et al., Molecular 
Microbiology, 35:260-274 (2000), both of which are incor- 
porated by reference herein in their entirety. 

[0160] Additional Tat signal peptide may be identified and 
distinguished from Sec-type signal peptides by their "twin- 
arginine" consensus motif. As noted above, signal peptides 
related to proteins secreted by the Tat pathway have a 
tripartite organization similar to Sec signal peptides, but arc 
characterized by having an RR-motif (R — R — X-#-#, where 
# is a hydrophobic residue) located at the N-domain/H- 
domain boundary. Tat signal peptides are also generally 
longer and less hydrophobic than the Sec-type signal pep- 
tides. See, e.g., Berks et al., Adv. Microb. Physiol., 47:187- 
254 (2003) and Berks et al., Mol Microbiol 35:260-74 
(2000). 

[0161] In addition, techniques analogous to those 
described above for the identifying new proteins secreted by 
the SecA2 pathway and their corresponding SecA2 signal 
peptides can also be used to identify new proteins secreted 
via the Tat pathway and their signal peptides. The reference 
Jongbloed et al., J. Biological Chem., 277:44068-44078 
(2002) provides examples of techniques which can be used 
to identify a protein expressed by a type of bacteria as a 
protein secreted via the twin-argininc translocation pathway. 

[0162] IV. Polypeptides 

[0163] The recombinant nucleic acid molecules described 
herein, as well as the expression cassettes or expression 
vectors described herein, can be used to encode any desired 
polypeptide. In particular, the recombinant nucleic acid 
molecules, expression cassettes, and expression vectors are 
useful for expressing heterologous polypeptides in a bacte- 
rium. 

[0164] In some embodiments (depending on the recombi- 
nant nucleic acid molecule, expression cassette or expres- 
sion vector used), the polypeptide encoded by a polynucle- 



otide of the recombinant nucleic acid molecule, expression 
cassette, and/or expression vector is encoded as part of a 
fusion protein with a signal peptide. In other embodiments, 
the encoded polypeptide is encoded as a discrete polypeptide 
by the recombinant nucleic acid molecule, expression cas- 
sette, or expression vector. In still other embodiments, the 
polypeptide encoded by a polynucleotide of the recombinant 
nucleic acid molecule, expression cassette, or expression 
vector is encoded as part of a fusion protein that does not 
include a signal peptide. In still other embodiments, the 
polypeptide encoded by a polynucleotide of the recombinant 
nucleic acid molecule, expression cassette, or expression 
vector of the invention is encoded as part of a fusion protein 
(also referred to herein as a protein chimera) in which the 
polypeptide is embedded within another polypeptide 
sequence. 

[0165] Thus, it is understood that each of the polypeptides 
listed herein (below and elsewhere) which are encoded by 
polynucleotides of the recombinant nucleic acid molecules, 
expression cassettes, or expression vectors of the invention 
may be expressed as cither fusion proteins (fused to signal 
peptides and/or to or in other polypeptides) or as discrete 
polypeptides by the recombinant nucleic acid molecule, 
expression cassette, or expression vector, depending on the 
particular recombinant nucleic acid molecule, expression 
cassette or expression vector used. For instance, in some 
embodiments, a recombinant nucleic acid molecule com- 
prising a polynucleotide encoding the antigen CEA will 
encode CEA as a fusion protein with a signal peptide. 

[0166] In some embodiments, the polypeptide is part of a 
fusion protein encoded by the recombinant nucleic acid 
molecule, expression cassette, or expression vector and is 
heterologous to the signal peptide of the fusion protein. In 
some embodiments, the polypeptide is positioned within 
another polypeptide sequence (e.g., a secreted protein or an 
autolysin, or fragments or variants thereof) to which it is 
heterologous. 

[0167] In some embodiments, the polypeptide is bacterial 
(either Listerial or non-Listerial). In some embodiments, the 
polypeptide is not bacterial. In some embodiments, the 
polypeptide encoded by the polynucleotide is a mammalian 
polypeptide. For instance, the polypeptide may correspond 
to a polypeptide sequence found in humans (i.e., a human 
polypeptide). In some embodiments, the polypeptide is 
Listerial. In some embodiments, the polypeptide is non- 
Listerial. In some embodiments, the polypeptide is not 
native (i.e., is foreign) to the bacterium in which the recom- 
binant nucleic acid molecule, expression cassette, and/or 
expression vector is to be incorporated or is incorporated. 

[0168] In some embodiments, the polynucleotide encod- 
ing the polypeptide is codon-optimized for expression in a 
bacterium. In some embodiments, the polynucleotide encod- 
ing the polypeptide is fully codon-optimized for expression 
in a bacterium. In some embodiments, the polypeptide 
which is encoded by the codon-optimized polynucleotide is 
foreign to the bacterium (i.e., is heterologous to the bacte- 
rium). 

[0169] The term "polypeptide" is used interchangeably 
herein with "peptide" and "protein" and no limitation with 
respect to the length or size of the amino acid sequence 
contained therein is intended. Typically, however, the 
polypeptide will comprise at least about 6 amino acids. In 
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some embodiments, the polypeptide will comprise, at least 
about 9, at least about 12, at least about 20, at least about 30, 
or at least about 50 amino acids. In some embodiments, the 
polypeptide comprises at least about 100 amino acids. In 
some embodiments, the polypeptide is one particular 
domain of a protein (e.g., an extracellular domain, an 
intracellular domain, a catalytic domain, or a binding 
domain). In some embodiments, the polypeptide comprises 
an entire (i.e., full-length) protein. 

[0170] In some embodiments, the polypeptide that is 
encoded by a polynucleotide of a recombinant nucleic acid 
molecule, expression cassette, and/or expression vector 
comprises an antigen or a protein that provides a palliative 
treatment for a disease. In some embodiments, the polypep- 
tide that is encoded by a polynucleotide of a recombinant 
nucleic acid molecule, expression cassette, and/or expres- 
sion vector is an antigen or a protein that provides a 
palliative treatment for a disease. In some embodiments, the 
polypeptide that is encoded is a therapeutic protein (or 
comprises a therapeutic protein). 

[0171] In some embodiments, the polypeptide that is 
encoded by a polynucleotide of a recombinant nucleic acid 
molecule, expression cassette, and/or vector comprises an 
antigen (e.g., any of the antigens described herein). In some 
embodiments, the polypeptide that is encoded by a poly- 
nucleotide of a recombinant nucleic acid molecule, expres- 
sion cassette, and/or vector Is an antigen. In some embodi- 
ments, the antigen is a bacterial antigen. In some 
embodiments, the antigen is a non-Listerial bacterial anti- 
gen. In some embodiments, however, the antigen is a non- 
Listerial antigen. In other embodiments, the antigen is a 
non-bacterial antigen. In some embodiments, the antigen is 
a mammalian antigen. In some embodiments, the antigen is 
a human antigen. In some embodiments, the polypeptide is 
(or comprises) an antigen comprising one or more immu- 
nogenic epitopes. In some embodiments, the antigen com- 
prises one or more MHC class I epitopes. In other embodi- 
ments, the antigen comprises one or more MHC class II 
epitope. In some embodiments, the epitope is a CD4+ T-ccll 
epitope. In other embodiments, the epitope is a CD8+ T-cell 
epitope. 

[0172] The polynucleotide encoding an antigen is not 
limited to any exact nucleic acid sequence (e.g., that encod- 
ing a naturally occurring, full-length antigen) but can be of 
any sequence that encodes a polypeptide that is sufficient to 
elicit the desired immune response when administered to an 
individual within the bacteria or compositions of the inven- 
tion. The term "antigen," as used herein, is also understood 
to include fragments of larger antigen proteins so long as the 
fragments are antigenic (i.e., immunogenic). In addition, in 
some embodiments, the antigen encoded by a polynucle- 
otide of the recombinant nucleic acid, expression cassette, or 
expression vector may be a variant of a naturally occurring 
antigen sequence. (Similarly for polynucleotides encoding 
other, non-antigen proteins, the sequences of the polynucle- 
otides encoding a given protein may vary so long as the 
desired protein that is expressed provides the desired effect 
(e.g. a palliative effect) when administered to an individual.) 

[0173] An antigen that is derived from another antigen 
includes an antigen that is an antigenic (i.e., immunogenic) 
fragment of the other antigen, an antigenic variant of the 
other antigen, or an antigenic variant of a fragment of the 



other antigen. A variant of an antigen includes antigens that 
differ from the original antigen in one or more substitutions, 
deletions, additions, and/or insertions. 

[0174] The antigenic fragment may be of any length, but 
is most typically at least about 6 amino acids, at least about 
9 amino acids, at least about 12 amino acids, at least about 
20 amino acids, at least about 30 amino acids, at least about 
50 amino acids, or at least about 100 amino acids. An 
antigenic fragment of an antigen comprises at least one 
epitope from the antigen. In some embodiments, the epitope 
is a MHC class I epitope. In other embodiments, the epitope 
is a MHC class II epitope. In some embodiments, the epitope 
is a CD4+ T-cell epitope. In other embodiments, the epitope 
is a CD8+ T-cell epitope. 

[0175] A variety of algorithms and software packages 
useful for predicting antigenic regions (including epitopes) 
within proteins arc available to those skilled in the art. For 
instance, algorthims that can be used to select epitopes that 
bind to MHC class I and class II molecules are publicly 
available. For instance, the publicly available "SYFPEITHl" 
algorithm can be used to predict MHC-binding peptides 
(Rammcnscc ct al. (1999) Immunogcnctics 50:213-9). For 
other examples of publicly available algorithms, see the 
following references: Parker et al. (1994) J. Immunol 
152:163-75; Singh and Raghava (2001) Bio informatics 
17:1236-1237; Singh and Raghava (2003) Bioinformatics 
19:1009-1014; Mallios (2001) Bioinformatics 17:942-8; 
Nielsen et al. (2004) Bioinformatics 20:1388-97; Donnes et 
al. (2002) BMC Bioinformatics 3:25; Bhasin, et al. (2004) 
Vaccine 22:3195-204; Guan et al. (2003) Nucleic Acids Res 
31:3621-4; Reche et at. (2002) Hum. Immunol. 63:701-9; 
Schirle et al. (2001) J. Immunol Methods 257:1-16; Nuss- 
baum et al. (2001) Immunogenetics (2001) 53:87-94; Lu et 
al. (2000) Cancer Res. 60:5223-7. See also, e.g., Vector 
NTI® Suite (Informax, Inc, Bethesda, Md.), GCG Wiscon- 
sin Package (Accclrys, Inc., San Diego, Calif.), Welling, ct 
al. (1985) FEBS Lett. 188:215-218, Parker, et al. (1986) 
Biochemistry 25:5425-5432, Van Regenmortel and Pelle- 
quer (1994) Pept. Res. 7:224-228, Hopp and Woods (1981) 
PNAS 78:3824-3828, and Hopp (1993) Pept. Res. 6:183- 
190. Some of the algorthims or software packages discussed 
in the references listed above in this paragraph are directed 
to the prediction of MHC class I and/or class II binding 
peptides or epitopes, others to identification of proteasomal 
cleavage sites, and still others to prediction of antigenicity 
based on hydrophilicity. 

[0176] Once a candidate antigenic fragment believed to 
contain at least one epitope of the desired nature has been 
identified, the polynucleotide sequence encoding that 
sequence can be incorporated into an expression cassette and 
introduced into a Listeria vaccine vector or other bacterial 
vaccine vector. The immunogenicity of the antigenic frag- 
ment can then be confirmed by assessing the immune 
response generated by the Listeria or other bacteria express- 
ing the fragments. Standard immunological assays such as 
ELISPOT assays, Intracellular Cytokine Staining (ICS) 
assay, cytotoxic T-cell activity assays, or the like, can be 
used to verify that the fragment of the antigen chosen 
maintains the desired imunogenicity. Examples of these 
types of assays arc provided in the Examples below (sec, 
e.g., Example 21). In addition, the anti-tumor efficacy of the 
Listeria and/or bacterial vaccines can also be assessed using 
the methods described below in the Examples (e.g., implan- 
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tation of CT26 murine colon cells expressing the antigen 
fragment in mice, followed by vaccination of the mice with 
the candidate vaccine and observation of effect on tumor 
size, metastasis, survival, etc. relative to controls and/or the 
full-length antigen). 

[0177] In addition, large databases containing epitope and/ 
or MHC ligand information using for identifying antigenic 
fragments arc publicly available. See, e.g., Brusic ct al. 

(1998) Nucleic Acids Res. 26:368-371; Schonbach et al. 

(2002) Nucleic Acids Research 30:226-9; and Bhasin et al. 

(2003) Bioinformalics 19:665-666; and Rammensee et al. 

(1999) Immunogenetics 50:213-9. 

[0178] The amino acid sequence of an antigenic variant 
has at least about 60%, at least about 70%, at least about 
80%, at least about 90%, at least about 95%, or at least about 
98% identity to the original antigen. 

[0179] In some embodiments, the antigenic variant is a 
conservative variant that has at least about 80% identity to 
the original antigen and the substitutions between the 
sequence of the antigenic variant and the original antigen are 
conservative amino acid substitutions. The following sub- 
stitutions are considered conservative amino acid substitu- 
tions: valine, isolcucinc, or leucine arc substituted for ala- 
nine; lysine, glutamine, or asparagine are substituted for 
arginine; glutamine, histidine, lysine, or arginine are substi- 
tuted for asparagine; glutamic acid is substituted for asparlic 
acid; serine is substituted for cysteine; asparagine is substi- 
tuted for glutamine; aspartic acid is substituted for glutamic 
acid; proline or alanine is substituted for glycine; aspar- 
agine, glutamine, lysine or arginine is substituted for histi- 
dine; leucine, valine, methionine, alanine, phenylalanine, or 
norleucine is substituted for isoleucine; norleucine, isoleu- 
cine, valine, methionine, alanine, or phenylalanine is sub- 
stituted for leucine; arginine, glutamine, or asparagine is 
substituted for lysine; leucine, phenylalanine, or isoleucine 
is substituted for methionine; leucine, valine, isoleucine, 
alanine, or tyrosine is substituted for phenylalanine; alanine 
is substituted for proline; threonine is substituted for serine; 
serine is substituted for threonine; tyrosine or phenylalanine 
is substituted for tryptophan; tryptophan, phenylalanine, 
threonine, or serine is substituted for tyrosine; tryptophan, 
phenylalanine, threonine, or serine is substituted for 
tyrosine; isoleucine, leucine, methionine, phenylalanine, 
alanine, or norleucine is substituted for valine. In some 
embodiments, the antigenic variant is a convervalive variant 
that has at least about 90% identity to the original antigen. 

[0180] In some embodiments, an antigen derived from 
another antigen is substantially equivalent to the other 
antigen. An antigen derived from another antigen is sub- 
stantially equivalent to the original antigen from which it is 
derived if the antigen if the derived antigen has at least about 
70% identity in amino acid sequence to the original antigen 
and maintains at least about 70% of the immunogenicity of 
the original antigen. In some embodiments, the substantially 
equivalent antigen has at least about 80%, at least about 
90%, at least about 95%, or at least about 98% identity in 
amino acid sequence to the original antigen. In some 
embodiments, the substantially equivalent antigen com- 
prises only conservative substitutions relative to the original 
antigen. In some embodiments, the substantially equivalent 
antigen maintains at least about 80%, at least about 90%, or 
at least about 95% of the immunogenicity of the original 



antigen. To determine the immunogenicity of a particular 
derived antigen and compare to that of the original antigen 
to determine whether the derived antigen is substantially 
equivalent to the original antigen, one can test both the 
derived and original antigen in any of a number of immu- 
nogenicity assays known to those skilled in the art. For 
instance, Listeria expressing either the original antigen or 
the derived antigen can be prepared as described herein. "ITie 
ability of those Listeria expressing the different antigens to 
produce an immune response can be measured by vaccinat- 
ing mice with the Listeria and then assessing the immuno- 
genic response using the standard techniques of ELISPOT 
assays, Intracellular Cytokine Staining (ICS) assay, cyto- 
toxic T-cell activity assays, or the like. Examples of these 
types of assays are provided in the examples below (see, 
e.g., Example 21). 

[0181] In some embodiments, the polypeptide encoded by 
a polynucleotide of the recombinant nucleic acid molecule, 
expression cassette, and/or vector comprises an antigen. In 
some embodiments, the antigen is selected from the group 
consisting of a tumor-associated antigen, a polypeptide 
derived from a tumor-associated antigen, an infectious dis- 
ease antigen, and a polypeptide derived from an infectious 
disease antigen. 

[0182] In some embodiments, the polypeptide encoded by 
a polynucleotide of the recombinant nucleic acid molecule, 
expression cassette, and/or vector comprises a tumor-asso- 
ciated antigen or comprises an antigen derived from a 
tumor-associated antigen. In some embodiments, the 
polypeptide comprises a tumor-associated antigen. In some 
embodiments, the encoded polypeptide comprises more than 
one antigen that is a tumor-associated antigen or an antigen 
derived from a tumor-associated antigen. For instance, in 
some embodiments, the encoded polypeptide comprises 
both mesothelin (or an antigenic fragment or antigenic 
variant thereof) and K-Ras, 12-K-Ras, or PSCA (or an 
antigenic fragment or antigenic variant of K-Ras, 12-K-Ras, 
or PSCA). 

[0183] In some embodiments, the antigen encoded by a 
polynucleotide of the recombinant nucleic acid molecule, 
expression cassette, and/or expression vector is a tumor- 
associated antigen or is an antigen that is derived from a 
tumor-associated antigen. In some embodiments, the antigen 
is a tumor- associated antigen. 

[0184] In some embodiments, a polynucleotide in a 
recombinant nucleic acid molecule, expression cassette, 
and/or expression vector encodes an antigen (or encodes a 
polypeptide comprising an antigen) that is not identical to a 
tumor-associated antigen, but rather is an antigen derived 
from a tumor-associated antigen. For instance, in some 
embodiments, the antigen encoded by a polynucleotide of a 
recombinant nucleic acid molecule, expression cassette, 
and/or expression vector may comprise a fragment of a 
tumor-associated antigen, a variant of a tumor-associated 
antigen, or a variant of a fragment of a tumor-associated 
antigen. In some cases, an antigen, such as a tumor antigen, 
is capable of inducing a more significant immune response 
in a vaccine when the amino acid sequence differs slightly 
from that endogenous to a host. In other cases, the derived 
antigen induces a less significant immune response than the 
original antigen, but is, for instance, more convenient for 
heterologous expression in a Listerial vaccine vector due to 
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a smaller size. In some embodiments, the amino acid 
sequence of a variant of a tumor-associated antigen, or a 
variant of a fragment of a tumor-associated antigen, dilTers 
from that of the tumor-associated antigen, or its correspond- 
ing fragment, by one or more amino acids. The antigen 
derived from a tumor-associated antigen will comprise at 
least one epitope sequence capable of inducing the desired 
immune response upon expression of the polynucleotide 
encoding the antigen within a host. 

[0185] Accordingly, in some embodiments, a polynucle- 
otide in the recombinant nucleic acid molecule, expression 
cassette, or vector encodes a polypeptide that comprises an 
antigen derived from a tumor-associated antigen, wherein 
the antigen comprises at least one antigenic fragment of a 
tumor-associated antigen. In some embodiments, a poly- 
nucleotide in the recombinant nucleic acid molecule, expres- 
sion cassette, or vector encodes an antigen that is derived 
from a tumor- associated antigen, wherein the antigen com- 
prises at least one antigenic fragment of a tumor-associated 
antigen. The antigenic fragment comprises at least one 
epitope of the tumor-associated antigen. In some embodi- 
ments, the antigen that is derived from another antigen is an 
antigenic (i.e., immunogenic) fragment or an antigenic vari- 
ant of the other antigen. In some embodiments, the antigen 
is an antigenic fragment of the other antigen. In some 
embodiments, the antigen is an antigenic variant of the other 
antigen. 

[0186] A large number of tumor- associated antigens that 
are recognized by T cells have been identified (Renkvist et 
al., Cancer Immunol Innumother 50:3-15 (2001)). These 
tumor-associated antigens may be differentiation antigens 
(e.g., PSMA, Tyrosinase, gplOO), tissue-specific antigens 
(e.g. PAP, PSA), developmental antigens, tumor-associated 
viral antigens (e.g. HPV 16 E7), cancer-test is antigens (e.g. 
MAGE, BAGE, NY-ESO-1), embryonic antigens (e.g. CEA, 
alpha-fetoprolein), oncoprotein antigens (e.g. Ras, p53), 
over-expressed protein antigens (e.g. ErbB2 (Her2/Neu), 
MUC1), or mutated protein antigens. The tumor-associated 
antigens that may be encoded by the heterologous nucleic 
acid sequence include, but are not limited to, 707-AP, 
Annexin II, AFP, ART-4, BAGE, (3-catenin/m, BCL-2, bcr- 
abl, bcr-abl p!90, bcr-abl p210, BRCA-1, BRCA-2, 
CAMEL, CAP-1, CASP-8, CDC27/m, CDK-4/m, CEA 
(Huang et al., Exper Rev. Vaccines (2002)1:49-63), CT9, 
CT10, Cyp-B, Dek-cain, DAM -6 (MAGE-B2), DAM-10 
(MAGE-B1), EphA2 (Zantek et al., Cell Growth Differ. 
(1999) 10:629-38; Carles-Kinch et al, Cancer Res. (2002) 
62:2840-7), ELF2M, EphA2 (Zantek et al., Cell Growth 
Differ. (1999) 10:629-38; Carles-Kinch et al., Cancer Res. 
(2002) 62:2840-7), ETV6-AML1, G250, GAGE-1, GAGE- 
2, GAGE-3, GAGE-4, GAGE-5, GAGE-6, GAGE-7B, 
GAGE-8, GnT-V, gplOO, MAGE, I IER2/neu, HLA-A*0201- 
R170I, HPV-E7, II -Ras, HSP70-2M, HST-2, hTERT, hTRT, 
iCE, inhibitors of apoptosis (e.g. survivin), KIAA0205, 
K-Ras, 12-K-Ras (K-Ras with codon 12 mutation), LAGE, 
LAGE-1, LDLR/FUT, MAGE-1, MAGE-2, MAGE-3, 
MAGE-6, MAGE-A1, MAGE-A2, MAGE-A3, MAGE-A4, 
MAGE-A6, MAGE-A10, MAGE-A12, MAGE-B5, 
MAGE- H 6, MAGE-C2, MAGE-C3, MAGE-D, MART- 1, 
MART-l/Melan-A, MC1R, MDM-2, mesothelin, Myosin/ 
m, MUC1, MUC2, MUM-1, MUM-2, MUM-3, nco-polyA 
polymerase, NA88-A, N-Ras, NY-ESO-1, NY-ESO-la 
(CAG-3), PAGE-4, PAP, Proteinase 3 (PR3) (Molldrem et 
al., Blood (1996) 88:2450-7; Molldrem et al., Blood (1997) 



90:2529-34), P15, pl90, Pml/RARa, PRAME, PSA, PSM, 
PSMA, RAGE, RAS, RCAS1, RU1, RU2, SAGE, SART-1, 
SART-2, SART-3, SP1 7, SPAS-1 , TEL/AMU , TPI/m , Tyro- 
sinase, TARP, TRP-1 (gp75), TRP-2, TRP-2/INT2, WT-1, 
and alternatively translated NY-ESO-ORF2 and CAMEL 
proteins, derived from the NY-ESO-1 and LAGE-1 genes. 

[0187] In some embodiments, the antigen encoded by the 
polynucleotide in the recombinant nucleic acid molecule, 
expression cassette, and/or vector may encompass any 
tumor-associated antigen that can elicit a tumor-specific 
immune response, including antigens yet to be identified. In 
some embodiments, the polynucleotide in the recombinant 
nucleic acid molecule, expression cassette, and/or vector 
encodes more than one tumor-associated antigen. 

[0188] In some embodiments, the antigen is mesothelin 
(Argani et al., Clin Cancer Res. 7(12):3862-8 (2001)), Spl7 
(Lim et til, Blood 97(5):1508-10 (2001)), gplOO (Kawakami 
et al., Proc. Natl Acad Sci. USA 91:6458 (1994)), PAGE-4 
(Brinkmann et al., Cancer Res. 59(7):1445-8 (1999)), TARP 
(Wolfgang et al., Proc. Natl. Acad. Sci. USA 97(1 7): 9437 -42 
(2000)), EphA2 (Tatsumi et al., Cancer Res. 63(15):4481-9 
(2003)), PR3 (Mullcr-Bcrat et al., Clin. Immunol. Immuno- 
path. 70(l):51-9 (1994)), prostate stem cell antigen (PSCA) 
(Reiter et al., Proc. Natl. Acad. Sci., 95:1735-40 (1998); 
Kiesslinget al., Int. J. Cancer, 102:390-7 (2002)), or SPAS-1 
(U.S. patent application Publication No. 2002/0150588). 

[0189] In some embodiments of the invention, the antigen 
encoded by the recombinant nucleic acid molecule or 
expression cassette is CEA. In other embodiments, the 
antigen is an antigenic fragment and/or antigenic variant of 
CEA. CEA is a 180-kDA membrane intercellular adhesion 
glycoprotein that is over-expressed in a significant propor- 
tion of human tumors, including 90% of colorectal, gastric, 
and pancreatic, 70% of non-small cell lung cancer, and 50% 
of breast cancer (Hammarstrom, Semin. Cancer Biol, 9:67- 
81). A variety of immunotherapeutics such as anti-idiotype 
monoclonal antibody mimicking CEA (Foon et al., Clin. 
Cancer Res., 87:982-90 (1995), or vaccination using a 
recombinant vaccinia virus expressing CEA (Tsang et al.,./. 
Natl Cancer Inst., 87:982-90 (1995)) have been investi- 
gated, unfortunately, however, with limited success. None- 
theless, investigators have identified a HLA*0201 -restricted 
epitope, CAP-1(CEA605-613), that is recognized by human 
T celt lines that were generated from vaccinated patients. 
Vaccination of patients with DC pulsed with this epitope 
failed to induce clinical responses (Morse et al., Clin. 
Cancer Res., 5:1331-8 (1999)). Recently, a CEA605-613 
peptide agonist was identified with a heteroclitic aspartate to 
asparagine substitution at position 610 (CAP1-6D). 
Although this amino acid substitution did not alter MHC 
binding affinity of this peptide, the use of the altered peptide 
ligand (APL) resulted in improved generation of CEA- 
specific cytotoxic T lymphocytes (CTL) in vitro. CAP1-6D- 
specific CTL maintained their ability to recognize and lyse 
tumor cells expressing native CEA (Zarcmba et al., Cancer 
Res., 57: 4570-7 (1997); Salazar et al., Int. J. Cancer, 
85:829-38 (2000)). Fong et al. demonstrated induction of 
CEA-specific immunity in patients with colon cancer vac- 
cinated with Flt3-ligand expanded DC incubated with this 
APL. Encouragingly, 2 of 12 patients after vaccination 
experienced dramatic tumor regressions that correlated with 
the induction of peptide-MHC tetramer + T cells (Fong et al., 
Proc. Natl Acad. Sci. USA., 98:8809-14 (2001)). 
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[0190] In another embodiment, the antigen is proteinase-3 
or is derived from proteinase-3. For instance, in one embodi- 
ment, the antigen comprises the HLA-A2.1 -restricted pep- 
tide PR1 (aa 169-177; VLQELNVTV (SEQ ID NO:63)). 
Information on proteinase -3 and/or the PR1 epitope is 
available in the following references: U.S. Pat. No. 5,180, 
819, Molldrem, et ah, Blood, 90:2529-2534 (1997); Moll- 
drem el al., Cancer Research, 59:2675-2681 (1999); Moll- 
drem, et al., Nature Medicine, 6:1018-1023 (2000); and 
Molldrem et al., Oncogene, 21: 8668-8673 (2002). 

[0191] In some embodiments, the polypeptide encoded by 
a polynucleotide in the recombinant nucleic acid molecule, 
expression cassette, and/or vector comprises an antigen 
selected from the group consisting of K-Ras, H-Ras, N-Ras, 
12-K-Ras, mesothelin, PSCA, NY-ESO-1, WT-1, survivin, 
gplOO, PAP, proteinase 3, SPAS-1, SP-17, PAGE-4, TARP, 
and CEA, or comprises an antigen derived from an antigen 
selected from the group consisting of K-Ras, H-Ras, N-Ras, 
12-K-Ras, mesothelin, PSCA, NY-ESO-1, WT-1, survivin, 
gplOO, PAP, proteinase 3, SPAS-1, SP-17, PAGE-4, TARP, 
and CEA. 

[0192] In some embodiments, the polypeptide encoded by 
a polynucleotide in the recombinant nucleic acid molecule, 
expression cassette, and/or vector comprises an antigen 
selected from the group consisting of K-Ras, H-Ras, N-Ras, 
12-K-Ras, mesothelin, PSCA, NY-ESO-1, WT-1, survivin, 
gplOO, PAP, proteinase 3, SPAS-1, SP-17, PAGE-4, TARP, 
or CEA. In some embodiments, the polypeptide comprises 
K-Ras. In some embodiments, the polypeptide comprises 
H-Ras. In some embodiments, the polypeptide comprises 
N-Ras. In some embodiments, the polypeptide comprises 
K-Ras. In some embodiments, the polypeptide comprises 
mesothelin (e.g., human mesothelin). In some embodiments, 
the polypeptide comprises PSCA. In some embodiments, the 
polypeptide comprises NY-ESO-1. In some embodiments, 
the polypeptide comprises WT-1. In some embodiments, the 
polypeptide comprises survivin. In some embodiments, the 
polypeptide comprises gplOO. In some embodiments, the 
polypeptide comprises PAP. In some embodiments, the 
polypeptide comprises proteinase 3. In some embodiments, 
the polypeptide comprises SPAS-1. In some embodiments, 
the polypeptide comprises SP-17. In some embodiments, the 
polypeptide comprises PAGE-4. In some embodiments, the 
polypeptide comprises TARP. In some embodiments, the 
polypeptide comprises CEA. 

[0193] In some embodiments, the antigen encoded by a 
polynucleotide in the recombinant nucleic acid molecule, 
expression cassette, and/or vector is an antigen selected from 
the group consisting of K-Ras, H-Ras, N-Ras, 12-K-Ras, 
mesothelin, PSCA, NY-ESO-1, WT- 1, survivin, gplOO, PAP, 
proteinase 3, SPAS-1, SP-17, PAGE-4, TARP, or CEA. In 
some embodiments, the antigen is K-Ras. In some embodi- 
ments, the antigen is H-Ras. In some embodiments, the 
antigen is N-Ras. In some embodiments, the antigen is 
K-Ras. In some embodiments, the antigen is mesothelin. In 
some embodiments, the antigen is PSCA. In some embodi- 
ments, the antigen is NY-ESO-1. In some embodiments, the 
antigen is WT-1. In some embodiments, the antigen is 
survivin. In some embodiments, the antigen is gplOO. In 
some embodiments, the antigen is PAP. In some embodi- 
ments, the antigen is proteinase 3. In some embodiments, the 
antigen is SPAS-1. In some embodiments, the antigen is 
SP-17. In some embodiments, the antigen is PAGE-4. In 



some embodiments, the antigen is TARP. In some embodi- 
ments, the antigen is CEA. In some embodiments, the 
antigen is human mesothelin. 

[0194] In some embodiments, the antigen is mesothelin, 
SPAS-1, proteinase-3, EphA2, SP-17, gplOO, PAGE-4, 
TARP, or CEA, or an antigen derived from one of those 
proteins. In some embodiments the antigen is mesothelin or 
is derived from mesothelin. In other embodiments, the 
antigen is EphA2 or is an antigen derived from EphA2. In 
some embodiments, the antigen encoded by a polynucle- 
otide in a recombinant nucleic acid molecule, expression 
cassette, or expression vector described herein is not Epha2 
(or an antigen derived from Epha2). In some embodiments, 
the antigen is a tumor-associated antigen other than Epha2. 
In some embodiments, the antigen is derived from a tumor- 
associated antigen other than Epha2. In some embodiments, 
the polypeptide encoded by a polynucleotide in the recom- 
binant nucleic acid molecule, expression cassette, and/or 
expression vector comprises an antigen other than Epha2. In 
some embodiments, the polypeptide encoded by a poly- 
nucleotide in the recombinant nucleic acid molecule, expres- 
sion cassette, and/or expression vector comprises an antigen 
other than Epha2 or an antigen derived from Epha2. 

[0195] In some embodiments, a polynucleotide in the 
recombinant nucleic acid molecule, expression cassette, 
and/or expression vector encodes a polypeptide comprising 
an antigen derived from K-Ras, H-Ras, N-Ras, 12-K-Ras, 
mesothelin, PSCA, NY-ESO-1, WT-1, survivin, gplOO, PAP, 
proteinase 3, SPAS-1, SP-17, PAGE-4, TARP, or CEA. In 
some embodiments, the polypeptide comprises an antigen 
derived from K-Ras. In some embodiments, the polypeptide 
comprises an antigen derived from H-Ras. In some embodi- 
ments, the polypeptide comprises an antigen derived from 
N-Ras. In some embodiments, the polypeptide comprises an 
antigen derived from 12-K-Ras. In some embodiments, the 
polypeptide comprises an antigen derived from mesothelin. 
In some embodiments, the polypeptide comprises an antigen 
derived from PSCA. In some embodiments, the polypeptide 
comprises an antigen derived from NY-ESO-1. In some 
embodiments, the polypeptide comprises an antigen derived 
from WT-1. In some embodiments, the polypeptide com- 
prises an antigen derived from survivin. In some embodi- 
ments, the polypeptide comprises an antigen derived from 
gplOO. In some embodiments, the polypeptide comprises an 
antigen derived from PAP. In some embodiments, the 
polypeptide comprises an antigen derived from proteinase 3. 
In some embodiments, the polypeptide comprises an antigen 
derived from SPAS-1. In some embodiments, the polypep- 
tide comprises an antigen derived from SP-17. In some 
embodiments, the polypeptide comprises an antigen derived 
from PAGE-4. In some embodiments, the polypeptide com- 
prises an antigen derived from TARP. In some embodiments, 
the polypeptide comprises an antigen derived from CEA. 

[0196] In some embodiments, a polynucleotide in the 
recombinant nucleic acid molecule, expression cassette, 
and/or expression vector encodes an antigen derived from 
K-Ras, H-Ras, N-Ras, 12-K-Ras, mesothelin, PSCA, NY- 
ESO-1, WT-1, survivin, gpl(K), PAP, proteinase 3, SPAS-1, 
SP-17, PAGE-4, TARP, or CEA. In some embodiments, the 
antigen is derived from K-Ras. In some embodiments, the 
antigen is derived from H-Ras. In some embodiments, the 
antigen is derived from N-Ras. In some embodiments, the 
antigen is derived from 12-K-Ras. In some embodiments, 
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the antigen is an antigen derived from mesothelin. In some 
embodiments, the antigen is an antigen derived from PSCA. 
In some embodiments, the antigen is an antigen derived 
from NY-ESO-1. In some embodiments, the antigen is an 
antigen derived from WT-1. In some embodiments, the 
antigen is an antigen derived from suryivin. In some 
embodiments, the antigen is an antigen that is derived from 
gplOO. In some embodiments, the antigen is an antigen thai 
is derived from PAP. In some embodiments, the antigen is an 
antigen that is derived from proteinase 3. In some embodi- 
ments, the antigen is an antigen derived from SPAS-1. In 
some embodiments, the antigen is an antigen derived from 
SP-17. In some embodiments, the antigen is an antigen 
derived from PAGE-4. In some embodiments, the antigen is 
an antigen derived from TARP. In some embodiments, the 
antigen is an antigen derived from CEA. 

[0197] In some embodiments, the antigen is mesothelin, or 
an antigenic fragment or antigenic variant thereof. Thus, in 
some embodiments, the polypeptide encoded by a poly- 
nucleotide in the recombinant nucleic acid molecule, expres- 
sion cassette and/or vector comprises mesothelin, or an 
antigenic fragment or antigenic variant thereof. In some 
embodiments, the polypeptide encoded by the polynucle- 
otide is mesothelin, or an antigenic fragment or antigenic 
variant thereof. 

[0198] In some embodiments, the antigen is mesothelin 
(e.g., human mesothelin) in which the mesothelin signal 
peptide and/or GPI (glycosylphosphatidylinositol) anchor 
has been deleted. Accordingly, in some embodiments, the 
polypeptide encoded by the polynucleotide comprises 
mesothelin in which the mesothelin signal peptide and/or 
GPI anchor has been deleted. In some embodiments, the 
polypeptide encoded by the polynucleotide is mesothelin in 
which the mesothelin signal peptide and/or GPI anchor has 
been deleted. In some embodiments, the polypeptide 
encoded by the polynucleotide is human mesothelin in 
which the mesothelin signal peptide and/or GPI anchor has 
been deleted. In some embodiments, the polypeptide 
encoded by the polynucleotide is human mesothelin in 
which both the mesothelin signal peptide and GPI anchor 
have been deleted. 

[0199] In some embodiments, the antigen is NY-ESO-1, or 
an antigenic fragment or antigenic variant thereof. Thus, in 
some embodiments, the polypeptide encoded by a poly- 
nucleolide in the recombinant nucleic acid molecule, expres- 
sion cassette, or vector comprises an antigen which is 
NY-ESO-1, or an antigenic fragment or antigenic variant 
thereof. In some embodiments, the polypeptide is an antigen 
which is NY-ESO-1, or an antigenic fragment or antigenic 
variant thereof. 

[0200] In some embodiments, a polypeptide encoded by 
polynucleotide in a recombinant nucleic acid molecule, 
expression cassette, or vector comprises at least one anti- 
genic fragment of a tumor-associated antigen, e.g., human 
prostate stem cell antigen (PSCA; GenBank Acc. No. 
AF043498), human testes antigen (NY-ESO-1; GenBank 

Acc. No. NM 001327), human carcinoembryonic antigen 

(CEA; GenBank Acc. No. M29540), human Mesothelin 
(GenBank Acc. No. U40434), human survivin (GenBank 
Acc. No. U75285), human Proteinase 3 (GenBank No. 
X55668), human K-Ras (GenBank Acc. Nos. M54969 & 
P01116), human M-Ras (GenBank Acc. No. P01112), human 



N-Ras (GenBank Acc. No. P01111), and human 12-K-Ras 
(K-Ras comprising a Glyl2Asp mutation) (see, e.g., Gen- 
Bank Acc. No. K00654). In some embodiments, a polypep- 
tide encoded by polynucleotide in a recombinant nucleic 
acid molecule, expression cassette, or expression vector 
comprises an antigenic fragment of a tumor-associated anti- 
gen with at least one conservatively substituted amino acid. 
In some embodiments, a polypeptide encoded by polynucle- 
otide in a recombinant nucleic acid molecule, expression 
cassette, or expression vector comprises an antigenic frag- 
ment with at least one deleted amino acid residue. In some 
embodiments, a polypeptide encoded by polynucleotide in a 
recombinant nucleic acid molecule, expression cassette, or 
expression vector comprises combinations of antigenic 
sequences derived from more than one type of tumor- 
associated antigen, e.g., a combination of antigenic frag- 
ments derived from both mesothelin and Ras. 

[0201] Exemplary regions of tumor antigens predicted to 
be antigenic include the following: amino acids 25-35; 
70-80; and 90-118 of the PSCA amino acid sequence in 
GenBank Acc. No. AF043498; amino acids 40-55, 75-85, 
100-115, and 128-146 of the NY-ESO-i of GenBank Acc. 
No. NM_001327; amino acids 70-75, 150-155, 205-225, 
330-340, and 510-520 of the CEA amino acid sequence of 
GenBank Acc. No. M29540; amino acids 90-110,140-150, 
205-225, 280-310, 390-410, 420-425, and 550-575; of the 
mesothelin polypeptide sequence of GenBank Acc. No. 
U40434; amino acids 12-20, 30-40, 45-55, 65-82, 90-95, 
102-1 15, and 11 5- 130 of the surviving polypeptide sequence 
of GenBank Acc. No. U75285; amino acids 10-20, 30-35, 
65-75, 110-120, and 160-170, of the amino acid sequence of 
proteinase-3 found in GenBank Acc. No. X55668; amino 
acids 10-20, 30-50, 55-75, 85-110, 115-135, 145-155, and 
160-185 of GenBank Acc. Nos. P01117 or M54968 (human 
K-Ras); amino acids 10-20, 25-30, 35-45, 50-70, 90-110, 
115-135, and 145-175 of GenBank Acc. No. P01112 (human 
H-Ras); amino acids 10-20, 25-45, 50-75, 85-110, 115-135, 
140-155, and 1 60-180 of GenBank Acc. No. HOI 111 (human 
N-Ras); and the first 25-amino acids of 12-K-Ras (sequence 
disclosed in GenBank Acc. No. K00654). These antigenic 
regions were predicted by Hopp- Woods and Welling anti- 
genicity plots. 

[0202] In some embodiments, the polypeptides encoded 
by the polynucleotides of the invention either as discrete 
polypeptides, as fusion proteins with the chosen signal 
peptide, or as a protein chimera in which the polypeptide has 
been inserted in another polypeptide, are polypeptides com- 
prising one or more of the following peptides of human 
mesothelin: SLLFLLFSL (amino acids 20-28; (SEQ ID 
NO:64)); VLPLTVAEV (amino acids 530-538; (SEQ ID 
NO:65)); ELAVALAQK (amino acids 83-92; (SEQ ID 
NO:66)); ALQGGGPPY (amino acids 225-234; (SEQ ID 
N():67)); FYPGYLCSL (amino acids 435-444; (SEQ ID 
NO:68)); and LYPKARLAF (amino acids 475-484; (SEQ 
ID NO:69)). For instance, in some embodiments, the antigen 
encoded by a polynucleotide of the invention is an (anti- 
genic) fragment of human mesothelin comprising one or 
more of these peptides. Additional information regarding 
these mesothelin peptide sequences and their correlation 
with medically relevant immune responses can be found in 
the PCT Publication WO 2004/006837, 

[0203] Alternatively, polynucleotides in the recombinant 
nucleic acid molecule, expression cassette, or expression 
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vector can encode an autoimmune disease-specific antigen 
(or a polypeptide comprising an autoimmune disease-spe- 
cific antigen). In a T celt mediated autoimmune disease, a T 
cell response to self antigens results in the autoimmune 
disease. The type of antigen for use in treating an autoim- 
mune disease with the vaccines of the present invention 
might target the specific T cells responsible for the autoim- 
mune response. For example, the antigen may be part of a T 
cell receptor, the idiotype, specific to those T cells causing 
an autoimmune response, wherein the antigen incorporated 
into a vaccine of the invention would elicit an immune 
response specific to those T cells causing the autoimmune 
response. Eliminating those T cells would be the therapeutic 
mechanism to alleviating the autoimmune disease. Another 
possibility would be to incorporate into the recombinant 
nucleic acid molecule a polynucleotide encoding an antigen 
that will result in an immune response targeting the anti- 
bodies that are generated to self antigens in an autoimmune 
disease or targeting the specific B cell clones that secrete the 
antibodies. For example, a polynucleotide encoding an idio- 
type antigen may be incorporated into the recombinant 
nucleic acid molecule that will result in an anti-idiolype 
immune response to such B cells and/or the antibodies 
reacting with self antigens in an autoimmune disease. 
Autoimmune diseases treatable with vaccines comprising 
bacteria comprising the expression cassettes and recombi- 
nant nucleic acid molecules of the present invention include, 
but are not limited to, rheumatoid arthritis, multiple sclero- 
sis, Crohn's disease, lupus, myasthenia gravis, vitiligo, 
scleroderma, psoriasis, pemphigus vulgaris, fibromyalgia, 
colitis and diabetes. A similar approach may be taken for 
treating allergic responses, where the antigens incorporated 
into the vaccine bacterium target cither T cells, B cells or 
antibodies that are effective in modulating the allergic reac- 
tion. In some autoimmune diseases, such as psoriasis, the 
disease results in hy perprol i feral ive cell growth with expres- 
sion of antigens that may be targeted as well. Such an 
antigen that will result in an immune response to the 
hyperpro life rat ive cells is considered. 

[0204] In some embodiments, the antigen is an antigen 
that targets unique disease associated protein structures. One 
example of this is the targeting of antibodies, B cells or T 
cells using idiotype antigens as discussed above. Another 
possibility is to target unique protein structures resulting 
from a particular disease. An example of this would be to 
incorporate an antigen that will generate an immune 
response to proteins that cause the amyloid plaques observed 
in diseases such as Alzheimer's disease, Creutzfeldt -Jakob 
disease (CJD) and Bovine Spongiform Encephalopathy 
(BSE). While this approach may only provide for a reduc- 
tion in plaque formation, it may be possible to provide a 
curative vaccine in the case of diseases like CJD. This 
disease is caused by an infectious form of a prion protein. In 
some embodiments, the polynucleotides of the invention 
encode an antigen to the infectious form of the prion protein 
such that the immune response generated by the vaccine 
may eliminate, reduce, or control the infectious proteins that 
cause CJD. 

[0205] In some embodiments, the polypeptide encoded by 
a polynucleotide of the recombinant nucleic acid molecule, 
expression cassette, and/or expression vector comprises an 
infectious disease antigen or an antigen derived from an 
infectious disease antigen. In some embodiments, the 
polypeptide comprises an infectious disease antigen. In 



some other embodiments, the polypeptide comprises an 
antigen derived from an infectious disease antigen. In some 
embodiments, the polypeptide encoded by a polynucleotide 
of the recombinant nucleic acid molecule, expression cas- 
sette, and/or expression vector is an infectious disease 
antigen or is an antigen derived from an infectious disease 
antigen. In some embodiments, the polypeptide encoded by 
the recombinant nucleic acid molecule, expression cassette, 
and/or expression vector is an infectious disease antigen. In 
some embodiments, the polypeptide encoded by the recom- 
binant nucleic acid molecule, expression cassette, and/or 
expression vector is derived from an infectious disease 
antigen. 

[0206] In other embodiments of the invention, the antigen 
is derived from a human or animal pathogen. The pathogen 
is optionally a virus, bacterium, fungus, or a protozoan. For 
instance, the antigen may be a viral or fungal or bacterial 
antigen. In one embodiment, the antigen encoded by the 
recombinant nucleic acid molecule, expression cassette, 
and/or expression vector that is derived from the pathogen is 
a protein produced by the pathogen, or is derived from a 
protein produced by the pathogen. For instance, in some 
embodiments, the polypeptide encoded by the recombinant 
nucleic acid molecules, expression cassette and/or expres- 
sion vector is a fragment and/or variant of a protein pro- 
duced by the pathogen. 

[0207] For instance, in some embodiments, the antigen is 
derived from Human Immunodeficiency virus (such as gp 
120, gp 160, gp41, gag antigens such as p24gag and p55gag, 
as well as proteins derived from the pol, env, tat, vif, rev, ncf, 
vpr, vpu and LTR regions of HIV), Feline Immunodefi- 
ciency virus, or human or animal herpes viruses. For 
example, in some embodiments, the antigen is gp 120. In 
one embodiment, the antigen is derived from herpes simplex 
virus (HSV) types 1 and 2 (such as gD, gB, gll, Immediate 
Early protein such as ICP27), from cytomegalovirus (such 
as gB and gH), from met apneu mo virus, from Epstein- Barr 
virus or from Varicella Zoster Vims (such as gpl, II or III). 
(Sec, e. g., Chcc ct al. (1990) Cytomegaloviruses (J. K. 
McDougall, ed., Springer Verlag, pp. 125-169; McGeoch et 
al. (1988) J. Gen. Virol. 69: 1531-1574; U.S. Pat. No.5,171, 
568; Baerel al.(1984) Nature 310: 207-211; and Davison el 
al. (1986) J. Gen. Virol 67: 1759-1816.) 

[0208] In another embodiment, the antigen is derived from 
a hepatitis virus such as hepatitis B virus (for example, 
Hepatitis B Surface antigen), hepatitis A virus, hepatitis C 
virus, delta hepatitis virus, hepatitis E virus, or hepatitis G 
virus. See, e. g., WO 89/04669; WO 90/11089; and WO 
90/14436. The hepatitis antigen can be a surface, core, or 
other associated antigen. The HCV genome encodes several 
viral proteins, including El and E2. See, e. g., Houghton et 
al., Hepatofogy 14: 381-388 (1991). 

[0209] An antigen that is a viral antigen is optionally 
derived from a virus from any one of the families Picor- 
naviridae (e. g., polioviruses, rhinoviruses, etc.); Caliciviri- 
dae; Togaviridae (e. g., rubella virus, dengue virus, etc.); 
Flaviviridae; Coronaviridae; Reoviridae (e. g., rotavirus, 
etc.); Birnaviridae; Rhabodoviridae (e. g., rabies virus, etc.); 
Orthomyxoviridac (c. g., influenza virus types A, B and C, 
etc.); Filoviridae; Paramyxoviridae (e. g., mumps virus, 
measles virus, respiratory syncytial virus, parainfluenza 
virus, etc.); Bunyaviridae; Arenaviridae; Relroviradae (e. g., 
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IITLV-I; MTLV-11; HIV-1 (also known as HTLV-111, LAV, 
ARV, hTLR, etc.)), including but not limited to antigens 
from the isolates HI VII lb, HIVSF2, HTVLAV, HIVLAI, 
HIVMN); HI V-1CM235, HIV-1; HIV-2, among others; sim- 
ian immunodeficiency virus (SIV)); Papillomavirus, the 
tick-borne encephalitis viruses; and the like. See, e. g. 
Virology, 3rd Edition (W. K. Joklik ed. 1988); Fundamental 
Virology, 3rd Edition (B. N. Fields, D. M. Knipe, and R M. 
Howie y, Eds. 1996), tor a description of these and other 
viruses. In one embodiment, the antigen is Flu-HA (Morgan 
et al., J. Immunol. 160:643 (1998)). 

[0210] In some alternative embodiments, the antigen is 
derived from bacterial pathogens such as Mycobacterium, 
Bacillus, Yersinia, Salmonella, Neisseria, Borrelia (for 
example, OspAor OspB or derivatives thereof), Chlamydia, 
or Bordetella (for example, P.69, PT and FHA), or derived 
from parasites- such as Plasmodium or Toxoplasma. In one 
embodiment, the antigen is derived from Mycobacterium 
tuberculosis (e.g. ESAT-6, 85A, 85B, 85C, 72F), Bacillus 
anthracis (e.g. PA), or Yersinia pestis (e.g. Fl, V). In 
addition, antigens suitable for use in the present invention 
can be obtained or derived from known causative agents 
responsible for diseases including, but not limited to, 
Diplheria, Pertussis, Tetanus, Tuberculosis, Bacterial or 
Fungal Pneumonia, Otitis Media, Gonorrhea, Cholera, 
Typhoid, Meningitis, Mononucleosis, Plague, Shigellosis or 
Salmonellosis, Legionaire's Disease, Lyme Disease, Lep- 
rosy, Malaria, Hookworm, Onchocerciasis, Schistosomiasis, 
Trypanosomiasis, Leishmaniasis, (iiardia, Amoebiasis, 
Filariasis, Borelia, and Trichinosis. Still further antigens can 
be obtained or derived from unconventional pathogens such 
as the causative agents of kuru, Creutzfeldt-Jakob disease 
(CUD), scrapie, transmissible mink encephalopathy, and 
chronic wasting diseases, or from proteinaceous infectious 
particles such as prions that arc associated with mad cow 
disease. 

[0211] In still other embodiments, the antigen is obtained 
or derived from a biological agent involved in the onset or 
progression of neurodegenerative diseases (such as Alzhe- 
imer's disease), metabolic diseases (such as Type I diabetes), 
and drug addictions (such as nicotine addiction). Alterna- 
tively, the antigen encoded by the recombinant nucleic acid 
molecule is used for pain management and the antigen is a 
pain receptor or other agent involved in the transmission of 
pain signals. 

[0212] In some embodiments, the antigen is a human 
protein or is derived from a human protein. In other embodi- 
ments, the antigen is a non-human protein or is derived from 
a non -human protein (a fragment and/or variant thereof)- In 
some embodiments, the antigen portion of the fusion protein 
encoded by the expression cassette is a protein from a 
non-human animal or is a protein derived from a non-human 
animal. For instance, even if the antigen is to be expressed 
in a Listeria -based vaccine that is to be used in humans, in 
some embodiments, the antigen can be murine mesothelin or 
derived from murine mesothelin. 

[0213] V. Codon-Optimization 

[0214] In some embodiments, one or more of the poly- 
nucleotides (i.e., polynucleotide sequences) within the 
recombinant nucleic acid molecule, expression cassette and/ 
or expression vector are codon-optimized (relative to the 
native coding sequence). In some embodiments, a poly- 



nucleotide in the recombinant nucleic acid molecules (and/ 
or in the expression cassette and/or expression vector) 
described herein that encodes a signal peptide is codon- 
optimized for expression in a bacterium. In some embodi- 
ments, a polynucleotide encoding a polypeptide other than a 
signal peptide, such as an antigen or other therapeutic 
protein, is codon-optimized for expression in a bacterium. In 
some embodiments, both a polynucleotide encoding a signal 
peptide and a polynucleotide encoding another polypeptide 
fused to the signal peptide arc codon-optimized for expres- 
sion in a bacterium. In some embodiments, a polynucleotide 
encoding a secreted protein (or fragment thereof) used as a 
scaffold or a polynucleotide encoding an autolysin (or 
fragment or variant thereof) is codon-optimized. 

[0215] A polynucleotide comprising a coding sequence is 
"codon-optimized" if at least one codon of the native coding 
sequence of the polynucleotide has been replaced with a 
codon that is more frequently used by the organism in which 
the coding sequence is to be expressed (the ''target organ- 
ism") than the original codon of the native coding sequence. 
For instance, a polynucleotide encoding a non-bacterial 
antigen that is to be expressed in a particular species of 
bacteria is codon-optimized if at least one of the codons 
from the native bacterial polynucleotide sequence is 
replaced with a codon that is preferentially expressed in that 
particular species of bacteria in which the non-bacterial 
antigen is to be expressed. As another example, a polynucle- 
otide encoding a human cancer antigen that is to be part of 
an expression cassette in recombinant Listeria monocytoge- 
nes is codon-optimized if at least one codon in the poly- 
nucleotide sequence is replaced with a codon that is more 
frequently used by Listeria monocytogenes for that amino 
acid than the codon in the original human sequence would 
be. Likewise, a polynucleotide encoding a signal peptide 
native to Listeria monocytogenes (such as the LLO signal 
peptide from L. monocytogenes) that is to be part of an 
expression cassette to encode a fusion protein comprising a 
human cancer antigen in recombinant Listeria monocytoge- 
nes is codon-optimized if at least one codon in the poly- 
nucleotide sequence encoding the signal peptide is replaced 
with a codon that is more frequently used by Listeria 
monocytogenes for that amino acid than the codon in the 
original (native) sequence is. In some embodiments, a I least 
one codon that is replaced in the codon-optimized sequence 
is replaced with the codon most frequently used by the target 
organism to code tor the same amino acid. 

[0216] In some embodiments, at least two codons of the 
native coding sequence of the polynucleotide have been 
replaced with a codon that is more frequently used by the 
organism in which the coding sequence is to be expressed 
than the original codon of the native coding sequence. In 
some embodiments, at least about five codons, at least about 
10 codons, or at least about 20 codons of the native coding 
sequence of the polynucleotide have been replaced with a 
codon that is more frequently used by the organism in which 
the coding sequence is to be expressed than the original 
codon of the native coding sequence. 

[0217] In some embodiments, al least about 10% of the 
codons in the codon-optimized polynucleotide have been 
replaced with codons more frequently (or most frequently) 
used by the target organism (than the original codons of the 
native sequence). In other embodiments, at least about 25% 
of the codons in the codon-optimized polynucleotide have 
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been replaced with codons more frequently used (or most 
frequently) used by the target organism. In other embodi- 
ments, al least about 50% of the codons in the codon- 
optimized polynucleotide have been replaced with codons 
more frequently used (or most frequently) used by the target 
organism. In still other embodiments, at least about 75% of 
the codons in the codon-optimized polynucleotide have been 
replaced with codons more frequently used (or most fre- 
quently used) by the target organism. 

[0218] The codon preferences of different organisms have 
been widely studied by those skilled in the art. For instance, 
see Sharp et al., Nucleic Acids Res., 15:1281-95 (1987) and 
Uchijima et al., Tfie Journal of Immunology, 161:5594-9 
(1998). As a result, codon usage tables are publicly available 



for a wide variety of organisms. For instance, codon usage 
tables can be found on the internet at www.kazusa.or.jp/ 
codon/ for a wide variety of organisms as well as on other 
publicly available sites. (See, e.g., Nakamura et al. (2000) 
Nucleic Acids Research 28:292.) An exemplary codon usage 
table from www.kazusa.or.jp/codon/, the codon usage table 
for Listeria monocytogenes (http://www.kazusa.or.jp/codon/ 
cgMn/shov/co6on.cgi'lspccics=Listeria+monocytogenes+ 
[gbbct]), is reproduced for convenience below in Table 2A. 
Exemplary codon usage tables for Bacillus anthracis, Myco- 
bacterium tuberculosis, Salmonella typhimurium, Mycobac- 
terium bo\ns BCG, and Shigella flexneri are also provided in 
Tables 2B, 2C, 2D, 2E, and 2F, respectively, below. 



TABLE 2A 



Codon Usage Table for Listeria Monocytogenes (from www.kazusa.or.jp/codon/). 
Listeria monocytogenes: 3262 CDS's (1029(106 codons) 
fields: [triplet] [frequency: per thousand] ([number]) 



UUU 29.4(30274) 
UUC 14.1(14486) 
UUA 36.8(37*21) 
UUG 12.3(12704) 
CUU 21.0(21567) 
CUC 5.4(5598) 
CUA 12.9(13279) 
CI JO 5.0(5120) 
AUU 49.3(50692) 
AUC 18.4(18894) 
AUA 9.4(9642) 
AUG 25.9(26651) 
GUU 26.4(27202) 
GUC 8.7(8990) 
GUA 21.6(22247) 
GUG 13.1(13518) 



UCU 13.2(13586) 
UCC 6.5(6714) 
UCA 10.4(10751) 
UCG 6.1(6278) 
CCU 8.4(8622) 
CCC 1.7(1780) 
CCA 18.5(18996) 
CCG 7.0(7219) 
ACU 17.1(17614) 
ACC 6.9(7089) 
ACA 26.5(27318) 
ACG 12.9(13285) 
GCU 24.3(24978) 
GCC 8.4(8612) 
UCA 28.6(29401) 
GCG 16.6(17077) 



UAU 22.9(23604) 
U AC 10.7(11055) 
UAA 2.2(2307) 
UAG 0.4(372) 
CAU 12.0(12332) 
CAC 5.2(5336) 
CAA 29.9(30719) 
CAG 5.1(52*4) 
AAU 33.0(33908) 
AAC 15.3(15790) 
AAA 61.6(63379) 
AAG 10.4(10734) 
GAU 39.8(40953) 
GAC 14.3(14751) 
GAA 60.4(62167) 
GAG 13.1(13507) 



UGU 3.8(3960) 
UGC 1.9(1972) 
UGA 0.6(583) 
UGG 9.3(9580) 
CGU 12.6(12930) 
CGC 7.0(7215) 
CGA 5.6(5732) 
CGG 2.8(2884) 
AGU 14.1(14534) 
AGC 8.8(9031) 
AG A 6.9(7111) 
AGG 1.2(1254) 
GGU 24.2(24871) 
GGC 14.2(14581) 
GGA 19.1(19612) 
GGC. 8.7(9003) 



[0219] 

TABLE 2B 



Codon Usage Table for Bacillus anthracis (from www.kazusa.or.jp/codon/). 
Bacillus anthracis [gbbct]: 312 CDSs (90023 codons) 
fields: [triplet] [frequency: per thousand] ([number]) 



UUU 32.4(2916) 
UUC 10.4(934; 
UUA 43.7(3931) 
UUG 11.4(1024) 
CUU 14.4(1300) 
CUC XI {335) 
CUA 12.4(1117) 
CUG 4.4(392) 
AUU 44.5(4009) 
AUC 11.9(1072) 
AUA 22.7(2042) 
AUG 23.3(2098) 
GUU 20.3(1824) 
GUC 4.6(414) 
GUA 26.4(2374) 
GUG 10.8(973) 



UCU 17.2(1547) 
UCC 5.0(453) 
UCA 14.8(1330) 
UCG 4.2(375) 
CCU 10.7(967) 
CCC 2.7(242) 
CCA 17.8(1599) 
CCG 5.9(534) 
ACU 21.0(1890) 
ACC 5.0(453) 
ACA 26.8(2414) 
ACG 9.4(844) 
GCU 17.8(1598) 
GCC 4.1(372) 
GCA 23.5(2117) 
GCG 7.9(709) 



UAU 31.9(2876) 
UAC 9.5(853) 
UAA 2.2(199) 
UAG 0.7(66) 
CAU 35.5(1392) 
CAC 4.2(379) 
CAA 32.3(2912) 
CAG 9.5(859) 
AAU 44.0(3959) 
AAC 14.1(1268) 
AAA 64.3(5786) 
AAG 22.7(2047) 
GAU 39.3(3536) 
GAC 9.0(811) 
GAA 53.9(4855) 
GAG 17.9(1614) 



UGU 5.1(455) 
UGC 1.8(164) 
UGA 0.5(47) 
UGG 9.3(835) 
CGU 9.8(883) 
CGC 2.5(223) 
CGA 6.3(569) 
CGG 2.0(179) 
AGU 17.4(1565) 
AGC 5.2(467) 
AG A 13.7(1236) 
AGG 4.1(368) 
GGU 17.9(1611) 
GGC 5.8(524) 
GGA 24.5(2203) 
GGG 12.0(1083) 



Coding GC 34.55% 1st letter GC 44.99% 2nd letter GC 33.16% 3rd letter GC 25.51% 
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TABLE 2C 



Co don Usage Table for Mycobacterium tuberculosis(itom www,*, kazusa.or.jp/codon/). 
Mycobacterium tuberculosis [gbbct]: 363 CDS's (131426 codons) 
fields: [triplet] [frequency: per thousand] ([number]) 



UUU 5.4(709) 
UUC 25.6(3359) 
UUA 1.8(231) 
I JUG 14.8(1945) 
CUU 5.9(778) 
CUC 17.7(2329) 
CUA 4.0(521) 
CUG 45.9(6032) 
AUU 7.6(993) 
AUC 32.7(4300) 
AUA 2.1(282) 
AUG 19.7(2591) 
GUU 8.3(1095) 
GUC 32.3(4249) 
GUA 4.7(622) 
GUG 35.7(4687) 



UCU 2.0(265) 
UCC 11.4(1499) 
UCA 4.3(571) 
UCG 19.2(2522) 
CCU 3.9(511) 
CCC 18.3(2411) 
CCA 6.4(843) 
CCG 33.2(4359) 
ACU 4.1 (545) 
ACC 36.0(4735) 
ACA 4.7(616) 
ACG 16.4(2158) 
GCU 11.2(1473) 
GCC 51.5(6769) 
GCA 12.4(1625) 
GCG 41.7(5482) 



UAU 6.0(788) 
UAC 17.6(2307) 
UAA 0.4(52) 
UAG 0.8(103) 
CAU 5.4(711) 
CAC 14.7(1928) 
CAA 7.8(1030) 
CAG 24.2(3176) 
AAU 4.8(63 7) 
AAC 26.3(3451) 
AAA 5.8(761) 
AAG 26.5(3485) 
GAU 15.6(2046) 
GAC 44.6(5858) 
GAA 16.8(221.1) 
GAG 35.8(4702) 



UGU 2.5(326) 
UGC 5.6(738) 
UGA 1.5(201) 
UGG 17.9(2352) 
CGU 8.0(1048) 
CGC 26.7(3508) 
CGA 5.8(764) 
CGG 21.1(2772) 
AGU 4.0(531) 
AGC 15.0(1976) 
AG A 1.5(192) 
AGG 3.3(429) 
GGU 18.7(2455) 
GGC 48.6(6383) 
GGA 9.0(1183) 
GGG 16.9(2215) 



Coding GC 64.43% 1st letter GC 65.27% 2nd letter GC 48.28% 3rd letter GC 79.75% 



[0221] 



TABLE 2D 



Codon Usage Table for Salmonella typhimurium (from www.kazusa.or.jp/codon/). 
Salmonella typhimurium [gbbct]: 1322 CDS's (416065 codons) 
fields: [triplet] (frequency: per thousand] ([number]) 



UUU 21.7(9041) 
UUC 15.1(6265) 
UUA 13.6(5650) 
UUG 12.1(5025) 
CUU 12.1(5038) 
CUC 10.6(4396) 
CUA 4.7(1958) 
CUG 49.3(20508) 
AIM J 28.1(11700) 
AUC 23.9(9941) 
AUA 6.7(2771) 
AUG 26.1(10842) 
GUU 16.4(6831) 
GUC 17.7(7367) 
GUA 1 1 .9(4935) 
GUG 24.3(10092) 



UCU 8.5(3518) 
UCC 10.6(4430) 
UCA 7.9(3286) 
UCG 9.4(3924) 
CCU 7.9(3290) 
CCC 7.0(2921) 
CCA 6.5(2712) 
CCG 22.7(9463) 
ACU 8:2(3401) 
ACC 24.0(9980) 
ACA 8.0(3316) 
ACG 18.6(7743) 
GCU 14.4(5985) 
GCC 27.5(11462) 
GCA 14.8(6156) 
GCG 37.0(15387) 



UAU 16.5(6853) 
UAC 11.6(4826) 
UAA 1.8(731) 
UAG 0.3(121) 
CAU 12.1(5047) 
CAC 9.2(3818) 
CAA 12.8(5315) 
CAG 30.8(12803) 
AAU 19.5(8107) 
AAC 21.4(8920) 
AAA 33.0(13740) 
AAG 12.4(5151) 
GAU 32.9(13700) 
GAC 21.5(8949) 
GAA 36. 1(1502:1) 
GAG 20.9(8715) 



UGU 4.6(1920) 
UGC 6.1(2524) 
UGA 1.1(465) 
UGG 14.1(5851) 
CGU 18.1(7542) 
CGC 20.8(8659) 
CGA 4.1(1695) 
CGG 7.2(3004) 
AGU 8.6(3569) 
AGC 18.0(7485) 
AG A 3.2(1348) 
AGG 2.3(959) 
GGU 18.1(7541) 
GGC 33.0(13730) 
GGA 9.1(3788) 
GGG 11.6(4834) 



Coding GC 52.45% 1st letter GC 58.32% 2nd leiier GC 41.31% 3rd letter GC 57.71% 



[0222] 



TABLE 2E 



TABLE 2E-continued 



Codon Usage Tahlc for Mycobacterium hovis 
BCG (from www.kazusa.or.jp/codon/). 
Mycobacterium bovis UCG [ gbbct]: 51 CDS's (16528 codons) 
fields: [triplet] [frequency: per thousand] ([number]) 



UUU 4.7(77) 
' UUC 27.4(453) 
UUA 1.6(26) 
UUG 14.7(243) 
CUU 5.6(92) 
CUC 14.8(244) 
CUA 5.1(85) 
CUG 51.5(852) 
AUU 6.1(100) 
AUC 39.6(654) 
AUA 2.2(37) 
AUG 20.2(334) 
GUU 7.8(129) 



UCU 1.9(31) 
UCC 11.4(189) 
UCA 4.5(74) 
UCG 20.8(343) 
CCU 2.9(48) 
CCC 16.3(270) 
CCA 5.1(84) 
CCG 31.0(512) 
ACU 3.1(51) 
ACC 36.8(609) 
ACA 4.4(73) 
ACG 17.4(288) 
GCU 9.6(158) 



UAU 6.6(109) 
UAC 17.0(281) 
UAA 0.9(15) 
UAG 0.8(14) 
CAU 4.9(81) 
CAC 1 7.2(285) 
CAA 7.3(120) 
CAG 25.5(421) 
AAU 4.8(80) 
AAC 22.3(369) 
AAA 6.2(102) 
AAG 24.5(405) 
GAU 13.4(222) 



UGU 2.0(33) 
UGC 6.7(110) 
UGA 1.3(22) 
UGG 14.3(237) 
CGU 9.4(155) 
CGC 33.8(559) 
CGA 7.1(118) 
CGG 26.7(441) 
AGU 2.8(46) 
AGC 14.5(240) 
AGA 1.1(19) 
AGG 3.8(62) 
GGU 16.9(280) 



Codon Usage Table for Mycobacterium Iwvis 
BCG (from www.kazusa.or.jp/codon/). 
Mycobacterium bovis BCG [gbbct]: 51 CDS's (16528 codons) 
fields: [triplet] [frequency: per thousand] ([number]) 



GUC 30.1(497) 


GCC 54.3(898) 


GAC 45.6(754) 


GGC 42.6(704) 


GUA 4.1(67) 


GCA 12.5(206) 


GAA 16.5(273) 


GGA 7.3(120) 


GUG 37.6(621) 


GCG 41.7(689) 


GAG 32.7(541) 


GGG 16.7(276) 



Coding GC 64.82% 1st letter GC 65.36% 2nd letter GC 48.07% 3rd letter 
GC 81.04% 
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TABLE 2F 



Codon Usage Table for Shigella fiexneri 
(from www.kazusa. or.jp/codon/). 
Shigella flexneri [gbbel]: 706 CDS's (180312 codons) 
fields: [triplet] [frequency: per thousand] ([number]) 



UUU 25.8(4658) 
UUC 15.1(2714) 
UUA 20.8(3756) 
UUG 13.4(2424) 
CUU 17.6(3169) 
GUC 10.4(1878) 
CUA 7.2(1295) 
CI JG 33.5(6045) 
AUU 30.0(5417) 
AUG 16.7(3018) 
A UA 18.9(3402) 
AUG 23.3(4198) 
GUU 19.8(3576) 
GUC 11. 8(2 126) 
GUA 13.1(2370) 
GUG 16.1(2910) 



UCU 16.6(2986) 
UCC 9.5(1717) 
UCA 15.6(2821) 
UCG 6.9(1241) 
CCU 9.2(1656) 
CCC 5.9(1072) 
CCA 9.7(1744) 
CCG 12.2(2199) 
ACU 13.8(2480) 
ACC 13.4(2413) 
ACA 16.2(2930) 
ACG 10.0(1809) 
GCU 19.6(3527) 
GCC 18.5(3338) 
GCA 22.2(4009) 
GCG 15.2(2732) 



UAU 21.9(3945) 
UAC 11.0(1992) 
UAA 2.0(362) 
UAG 0.5(91) 
CAU 15.1(2725) 
CAC 8.2(1472) 
CAA 15.9(2861) 
CAG 23.6(4255) 
AAU 33.5(6044) 
AAC 18.6(3348) 
AAA 41.6(7507) 
AAG 16.4(2961) 
GAU 34.0(6123) 
GAC 16.3(2939) 
GAA 37.5(6763) 
GAG 21.7(3913) 



UGU 6.9(1252) 
UGC 5.6(1011) 
UGA 1 .4(254) 
UGG 13.1(2357) 
CGU 15.0(2707) 
CGC 12.6(2269) 
CGA 5.8(1046) 
CGG 9.0(1627) 
AGU 15.3(2764) 
AGC 12.7(2281) 
AGA 10.3(1865) 
AGG 5.7(1029) 
GGU 19.2(3468) 
GGC 15.3(2754) 
GGA 15.1(2727) 
GGG 10.9(1970) 



Coding GC 44.63% 1st letter GC 51.72% 2nd letter GC 38.85% 3rd letter GC 43.32% 



[0224] In some embodiments of the invention, at least 
about 10%, at least about, 25%, at least about 50%, or at 
least about 75% of the codons in a codon-optimized coding 
sequence are the most preferred codon for that amino acid 
used in the target organism. In other embodiments, 100% of 
the codons in the codon-optimized coding sequence are the 
most preferred codon for that amino acid in the target 
organism (i.e., the sequence is "fully codon-optimized"). For 
instance, in the Examples shown below, all of the codons of 
the sequences characterized as codon-optimized were the 
most frequently used codons for the target organism; how- 
ever, any codon substitution that results in a more frequently 
used codon than the original (native) sequence can be 
considered "codon-optimized". Table 3, below shows the 
optimal codon usage in Listeria monocytogenes for each 
amino acid. 

TABLE 3 



Optimal Codon Usage Table in Listeria monocytogenes. 



Amino Acid 


One Letter Code 


Optimal Listeria Codon 


Alanine 


A 


GCA 


Arginine 


R 


CGU 


Asparagine 


N 


AAU 


Aspartate 


D 


GAU 


Cysteine 


c 


UGU 


Glutaminc 


Q 


CAA 


Glutamate 


E 


GAA 


Glycine 


G 


GGU 


(Iistidine 


H 


CAU 


Isoleucine 


I 


AUU 


leucine 




UUA 


Lysine 


K 


AAA 


Methionine 


M 


AUG 


Phenylalanine 


F 


UUU 


Proline 


P 


CCA 


Serine 


S 


AGU 


Threonine 


T 


ACA 


Tryptophan 


w 


UGG 


Tyrosine 


Y 


UAU 


Valine 


. V 


GUU 



[0225] In some embodiments, the codon-optimized poly- 
nucleotides encode a signal peptide. In some embodiments, 



the signal peptide is foreign to the bacterium for which the 
sequence is codon-optimized. In other embodiments, the 
signal peptide is native to the bacterium for which the 
sequence is codon-optimized. For instance, in some embodi- 
ments, the codon-optimized polynucleotide encodes a signal 
peptide selected from the group consisting of LLO signal 
peptide from Listeria monocytogenes, Usp45 signal peptide 
from Lactococcus lactis, Protective Antigen signal peptide 
from Bacillus anthracis, p60 signal peptide from Listeria 
monocytogenes and PhoD signal peptide from B. subtilis Tat 
signal peptide. In some embodiments, the codon-optimized 
polynucleotide encodes a signal peptide other than Protec- 
tive Antigen signal peptide from Bacillus anthracis. In some 
embodiments, the polynucleotide encoding a signal peptide 
is codon-optimized for expression in Listeria monocytoge- 
nes. 

[0226] In some embodiments, the codon-optimized poly- 
nucleotide encodes a (non-signal peptide) protein that is 
foreign to the bacterium for which the polynucleotide 
sequence has been codon-optimized. In some embodiments, 
the codon-optimized polynucleotide encodes a polypeptide 
comprising an antigen. For instance, in some embodiments, 
the codon-optimized polynucleotide encodes a polypeptide 
comprising an anligen that is a tumor-associated antigen or 
an antigen that is derived from a tumor-associated antigen. 

[0227] In some embodiments, codon -optimization of a 
polynucleotide encoding a signal peptide and/or other 
polypeptide enhances expression of a polypeptide (such as a 
fusion protein, protein chimera and/or a foreign polypeptide 
encoded by a recombinant nucleic acid molecule, expression 
cassette, or expression vector) comprising the signal peptide 
and/or other polypeptide in a bacterium, relative to the 
corresponding polynucleotide without codon-optimization. 
In some embodiments, the codon-optimization of the poly- 
nucleotide enhances expression by at least about 2-fold, by 
al least about 5-fold, by at least about 10-fold, or by at least 
about 20 fold (relative to the corresponding polynucleotide 
without codon-optimization). In some embodiments, codon- 
optimization of a polynucleotide encoding a signal peptide 
and/or other polypeptide enhances secretion of a polypeptide 
(such as a fusion protein, protein chimera and/or a foreign 
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polypeptide) comprising the signal peptide and/or other 
polypeptide from a bacterium, relative to the corresponding 
polynucleotide without codon -optimization. In some 
embodiments, the codon-optimization enhances secretion by 
at least about 2-fold, by at least about 5-fold, by at least 
about 10-fold, or by at least about 20 fold (relative to the 
corresponding polynucleotide without codon-optimization). 
In some embodiments, both the level of expression and 
secretion is enhanced. Levels of expression and/or secretion 
can be readily assessed using techniques standard to those in 
the art such as Western blots of the various relevant bacterial 
culture fractions. 

[0228] VI. Expression cassettes 

[0229] Expression cassettes arc also provided by the 
present invention. For instance, in some embodiments, the 
invention provides an expression cassette comprising any of 
the recombinant nucleic acid molecules described herein and 
further comprising promoter sequences opcrably linked to 
the coding sequences in the recombinant nucleic acid mol- 
ecules (e.g., the first polynucleotide encoding a signal pep- 
tide and the second polynucleotide encoding the other 
polypeptide). In some embodiments, the expression cassette 
is isolated. In some other embodiments, the expression 
cassette is contained within an expression vector, which may 
be isolated or may be contained within a bacterium. In still 
further embodiments, the expression cassette is positioned in 
the chromosomal DNAof a bacterium. For instance, in some 
embodiments, the expression cassette has been integrated 
within the genome of a bacterium. In some embodiments, an 
expression cassette that is integrated within the genome of a 
bacterium comprises one or more elements from the 
genomic DNA. For instance, in some embodiments, a 
recombinant nucleic acid molecule is inserted in a site in the 
genomic DNAof a bacterium (e.g., via site-specific integra- 
tion or homologous recombination) such that the recombi- 
nant nucleic acid is operably linked to a promoter already 
present in the genomic DNA, thereby generating a new 
expression cassette integrated within the genomic DNA. In 
some other embodiments, the expression cassette is inte- 
grated into the genomic DNA (e.g., via site-specific integra- 
tion or homologous recombination) as an intact unit com- 
prising both the promoter and the recombinant nucleic acid 
molecule. 

[0230] In some embodiments, the expression cassettes are 
designed for expression of polypeptides in bacteria. In some 
embodiments, the expression cassettes arc designed for the 
expression of heterologous polypeptides, such as heterolo- 
gous antigens in bacteria. In some embodiments, the expres- 
sion cassettes provide enhanced expression and/or secretion 
of the polypeptides. 

[0231] Generally, an expression cassette comprises the 
following ordered elements: (1) a promoter and (2) a poly- 
nucleotide encoding a polypeptide. In some embodiments, 
an expression cassette comprises the following elements: (1) 
a promoter; (2) a polynucleotide encoding a signal peptide; 
and (3) a polynucleotide encoding a polypeptide (e.g., a 
heterologous protein). In still other embodiments, an expres- 
sion cassette comprises the following elements: (1) prokary- 
otic promoter; (2) Shine-Dalgarno sequence; (3) a poly- 
nucleotide encoding a signal peptide; and, (4) a 
polynucleotide encoding a polypeptide (such as a heterolo- 
gous protein). In some embodiments, an expression cassette 
comprises more than one promoter. 



[0232] In some embodiments, the expression cassette may 
also contain a transcription termination sequence inserted 
downstream from the C-lerminus of the translalional stop 
codon related to the heterologous polypeptide. For instance, 
in some embodiments, a transcription termination sequence 
may be used in constructs designed for stable integration 
within the bacterial chromosome. While not required, inclu- 
sion of a transcription termination sequence as the final 
ordered element in a heterologous gene expression cassette 
may prevent polar effects on the regulation of expression of 
adjacent genes due to read-through transcription. Accord- 
ingly, in some embodiments, appropriate sequence elements 
known to those who are skilled in the art that promote either 
rho-dependent or rho-independent transcription termination 
can be placed in the heterologous protein expression cas- 
sette. 

[0233] In one aspect, the invention provides an expression 
cassette comprising the following: (a) a first polynucleotide 
encoding a signal peptide, wherein the first polynucleotide is 
codon-optimized for expression in a bacterium; (b) a second 
polynucleotide encoding a polypeptide, wherein the second 
polynucleotide is in the same translational reading frame as 
the first polynucleotide; and (c) a promoter operably linked 
to the first and second polynucleotides, so that the expres- 
sion cassette encodes a fusion protein comprising the signal 
peptide and the polypeptide. 

[0234] In another aspect, the invention provides an expres- 
sion cassette comprising (a) a first polynucleotide encoding 
a signal peptide native to a bacterium, wherein the first 
polynucleotide is codon-optimized for expression in the 
bacterium, (b) a second polynucleotide encoding a polypep- 
tide, wherein the second polynucleotide is in the same 
translational reading frame as the first polynucleotide, and 
(c) a promoter operably linked to the first and second 
polynucleotides of the expression cassette, wherein the 
recombinant nucleic acid molecule encodes a fusion protein 
comprising the signal peptide and the polypeptide. In some 
embodiments, the polypeptide encoded by the second poly- 
nucleotide is heterologous to the signal peptide. In some 
embodiments, the second polynucleotide is heterologous to 
the first polynucleotide. In some embodiments, the polypep- 
tide is heterologous to the bacterium to which the signal 
peptide is native (i.e., foreign to the bacterium). In some 
embodiments, the bacterium from which the signal peptide 
is derived is an intracellular bacterium. In some embodi- 
ments, the bacterium is selected from the group consisting of 
Listeria, Bacillus, Yersinia pestis, Salmonella, Shigella, Bru- 
cella, mycobacteria and E. coli. In some embodiments the 
bacterium is a Listeria bacterium (e.g., Listeria monocyto- 
genes). In some embodiments, the second polynucleotide is 
codon-optimized for expression in the bacterium. 

[0235] In another aspect, the invention provides an expres- 
sion cassette, wherein the expression cassette comprises (a) 
a first polynucleotide encoding a signal peptide, wherein the 
first polynucleotide is codon-optimized for expression in a 
Listeria bacterium, (b) a second polynucleotide encoding a 
polypeptide, wherein the second polynucleotide is in the 
same translational reading frame as the first polynucleotide, 
and (c) a promoter operably linked to the first and second 
polynucleotides of the expression cassette, wherein the 
recombinant nucleic acid molecule encodes, a fusion protein 
comprising the signal peptide and the polypeptide. In some 
embodiments, the expression cassette is a polycistronic 
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expression cassette. In some embodiments, the second poly- 
nucleotide is codon-optimized for expression in the Listeria 
bacterium. In some embodiments, the polypeptide encoded 
by the second polynucleotide is foreign to the Listeria 
bacterium (i.e., heterologous to the Listeria bacterium). In 
some embodiments, the polypeptide encoded by the second 
polynucleotide is heterologous to the signal peptide. In some 
embodiments, the expression cassette comprises more than 
one promoter. 

[0236] In another aspect, the invention provides an expres- 
sion cassette comprising (a) a first polynucleotide encoding 
a non-secAl bacterial signal peptide; (b) a second poly- 
nucleotide encoding a polypeptide in the same translational 
reading frame as the first polynucleotide; and (c) a promoter 
operably linked to the first and second polynucleotides, so 
that the expression cassette encodes a fusion protein com- 
prising the signal peptide and the polypeptide. In some 
embodiments, the first polynucleotide and/or the second 
polynucleotide is codon-optimized for expression in a bac- 
terium, such as Listeria, Bacillus, Yersinia pestis, Salmo- 
nella, Shigella, Brucella, mycobacteria or E. coli. In some 
embodiments, the polynucleotide(s) is codon-optimized for 
expression in Listeria, such as Listeria monocytogenes. In 
some embodiments, the signal peptide encoded by the 
codon-optimized first polynucleotide is native to the bacte- 
rium for which it is codon-optimized. In some embodiments, 
the first polynucleotide encoding the signal peptide is het- 
erologous to the second polynucleotide. In some embodi- 
ments, the polypeptide encoded by the second polynucle- 
otide is heterologous to the signal peptide. In some 
embodiments, the expression cassette is a polycistronic 
expression cassette. In some embodiments, the first poly- 
nucleotide, the second polynucleotide, or both the first and 
second polynucleotide is codon-optimized for expression in 
a Listeria bacterium (e.g., Listeria monocytogenes). In some 
embodiments, the first and second polynucleotides are het- 
erologous to each other. In some embodiments, the polypep- 
tide encoded by the second polynucleotide and the signal 
peptide arc heterologous to each other. In some embodi- 
ments, the polypeptide encoded by the second polynucle- 
otide is foreign to the Listeria bacterium (i.e., heterologous 
to the Listeria bacterium). In some embodiments, the 
expression cassette comprises more than one promoter. 

[0237] The invention also provides an expression cassette 
comprising the following: (a) a polynucleotide encoding a 
polypeptide foreign to Listeria, wherein the polynucleotide 
is codon-optimized for expression in Listeria; and (b) a 
promoter, operably linked to the polynucleotide encoding 
the foreign polypeptide. In some embodiments, the polypep- 
tide that is encoded by the expression cassette is an antigen 
(e.g., see description of some possible antigens above). In 
some embodiments, the expression cassette further com- 
prises a polynucleotide encoding a signal peptide. The 
polynucleotide encoding the signal peptide is also operably 
linked with the promoter so that the expression cassette 
expresses a fusion protein comprising both the foreign 
polypeptide and the signal peptide. Polynucleotides encod- 
ing signal peptides suitable for use in the expression cassette 
include, but are not limited to, those described above. In 
some embodiments, the polynucleotide encoding a signal 
peptide that is included in the expression cassette is codon- 
optimized for expression in a bacterium such as Listeria 
(e.g., a L. monocytogenes bacterium) as described above. 



[0238] The invention also provides an expression cassette 
comprising the following: (a) a first polynucleotide encoding 
a non-Lislerial signal peptide; (b) a second polynucleotide 
encoding a polypeptide that is in the same translational 
reading frame as the first polynucleotide; and (c) a promoter 
operably linked to both the first and second polynucleotides, 
wherein the expression cassette encodes a fusion protein 
comprising both the non-Lislerial signal peptide and the 
polypeptide. In some embodiments, the expression cassette 
is a polycistronic expression cassette. In some embodiments, 
the first polynucleotide, the second polynucleotide, or both 
the first and second polynucleotide is codon-optimized for 
expression in Listeria (e.g., Listeria monocytogenes). In 
some embodiments, the first and second polynucleotides are 
heterologous to each other. In some embodiments, the 
polypeptide encoded by the second polynucleotide and the 
signal peptide are heterologous to each other. In some 
embodiments, the polypeptide encoded by the second poly- 
nucleotide is foreign to the Listeria bacterium (i.e., heter- 
ologous to the Listeria bacterium). In some embodiments, 
the expression cassette comprises more than one promoter. 

[0239] The invention further provides an expression cas- 
sette, wherein the expression cassette comprises (a) a first 
polynucleotide encoding a bacterial autolysin, or a catalyti- 
cally active fragment or catalytically active variant thereof, 
and (b) a second polynucleotide encoding a polypeptide, 
wherein the second polynucleotide is in the same transla- 
tional reading frame as the first polynucleotide, and (c) a 
promoter operably linked to the first and second polynucle- 
otides, wherein the expression cassette encodes a protein 
chimera comprising the polypeptide encoded by the second 
polynucleotide and the autolysin, or catalytically active 
fragment or catalytically active variant thereof, wherein in 
the protein chimera the polypeptide is fused to the autolysin, 
or catalytically active fragment or catalytically active variant 
thereof, or is inserted within the autolysin, or catalytically 
active fragment or catalytically active variant thereof. In 
some embodiments, the protein chimera is catalytically 
active as an autolysin. In some embodiments, the polypep- 
tide is heterologous to the autolysin. In some embodiments, 
the bacterial autolysin is from an intracellular bacterium 
(e.g., Listeria). In some embodiments, the second polynucle- 
otide encoding the polypeptide is inserted within the first 
polynucleotide encoding the autolysin, or catalytically 
active fragment or catalytically active variant thereof, and 
the expression cassette encodes a protein chimera in which 
the polypeptide is inserted within the autolysin, or catalyti- 
cally active fragment or catalytically active variant thereof 
(i.e., the polypeptide is embedded within the autolysin or 
catalytically active fragment or catalytically active variant 
thereof). In alternative embodiments, the second polynucle- 
otide is positioned outside of the first polynucleotide encod- 
ing the autolysin, or catalytically active fragment or cata- 
lytically active variant thereof, and the expression cassette 
encodes a protein chimera in which the polypeptide is fused 
to the autolysin, or catalytically active fragment or catalyti- 
cally active variant thereof. In some embodiments, the 
polypeptide is heterologous to the autolysin. In some 
embodiments, the first polynucleotide and the second poly- 
nucleotide are heterologous to each other. In some embodi- 
ments, the autolysin is a SccA2 -dependent autolysin. In 
some embodiments, the autolysin is a peptidoglycan hydro- 
lase (e.g., N-acetylmuramidase or p60). In some embodi- 
ments, the expression cassette further comprises a poly- 
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nucleotide encoding a signal peptide (e.g., a signal peptide 
normally associated with the autolysin or a signal peptide 
heterologous to the signal peptide). For instance, in some 
embodiments, the expression cassette encodes a protein 
chimera comprising a p60 signal peptide, the p60 protein (or 
catalytically active fragment or catalytically active variant 
thereof), and a polypeptide heterologous to p60, embedded 
within the p60 sequence. In some embodiments, the 
polypeptide encoded by the second polynucleotide is a 
non-Listcrial polypeptide. 

[0240] In another aspect, the invention provides an expres- 
sion cassette comprising (a) a first polynucleotide encoding 
a signal peptide, (b) a second polynucleotide encoding a 
secreted protein, or a fragment thereof, wherein the second 
polynucleotide is in the same translalional reading frame as 
the first polynucleotide, (c) a third polynucleotide encoding 
a polypeptide heterologous to the secreted protein, or frag- 
ment thereof, wherein the third polynucleotide is in the same 
translalional reading frame as the first and second polynucle- 
otides, and (d) promoter operably linked to the first, second, 
and third polynucleotides, wherein the recombinant nucleic 
acid molecule encodes a protein chimera comprising the 
signal peptide, the polypeptide encoded by the second 
polynucleotide, and the secreted protein, or fragment 
thereof, and wherein the polypeptide encoded by the third 
polynucleotide is fused to the secreted protein, or fragment 
thereof, or is positioned within the secreted protein, or 
fragment thereof, in the protein chimera. 

[0241] In some embodiments, the promoters in the expres- 
sion cassettes described herein (or recombinant nucleic acid 
molecules described herein) are prokaryotic promoters. For 
instance, the prokaryotic promoters can be Listerial promot- 
ers. In some embodiments, the Listerial promoter is an hly 
promoter. In some embodiments, the promoters are prfA- 
dependent promoters (e.g., an actA promoter). In some 
embodiments, the promoters arc constitutive promoters 
(e.g., ap60 promoter). In some embodiments, the expression 
cassette comprising a recombinant nucleic acid molecule 
described herein comprises an hly, actA, or p60 promoter 
operably linked to the polynucleotides of the recombinant 
nucleic acid molecule. One of ordinary skill in the art will 
be readily able to identify additional prokaryotic and/or 
Listerial promoters suitable for use in the expression cas- 
settes in view of the intended use of the expression cassette 
and host bacteria into which the expression cassette will be 
placed. 

[0242] For instance, a variety of mycobacterial promoters 
suitable for use in the recombinant expression cassettes 
within mycobacteria and other bacteria are known. These 
include the Mycobacterium bovis BCG promoters HSP60 
and 1ISP70, and also include such promoters as the myco- 
bactin promoters, ct-anligen promoter and 45 KDa antigen 
promoter of M tuberculosis and BCG, the superoxide dis- 
mutase promoter, MBP-70, the mycobacterial asd promoter, 
the mycobacterial 14 kDa and 12 kDa antigen promoters, 
mycobacteriophage promoters such as the Bxbl, Bxb2, and 
Bxb3 promoters, the LI and L5 promoters, the D29 pro- 
moter and the TM4 promoters (see, e.g., U.S. Fat. No. 
6,566,121). Promoters suitable tor use in Bacillus anthracis 
include, but arc not limited to, the pagA promoter, the 
alpha-amylase promoter (Pamy), and Pntr (see, e.g., Gat et 
al., Infect. Immun., 71;801-13 (2003)). Promoters suitable 
for use in recombinant Salmonella expression cassettes and 



vaccines are also known and include the nirB promoter, the 
osmC promoter, P(pagC), and P(tac) (see, e.g., Bumann, 
Infect. Immun. 69:7493-500 (2001); Wang et al., Vaccine, 
17:1-12 (1999); McSorley et al., Infect. Immun. 65:171-8 
(1997)). A variety of E. coli promoters arc also known to 
those of ordinary skill in the art. 

[0243] In some embodiments, the promoter used in an 
expression cassette described herein is a constitutive pro- 
moter. In other embodiments, the promoter used in an 
expression cassettes described herein is an inducible pro- 
moter. 'ITie inducible promoter can be induced by a molecule 
(e.g., a protein) endogenous to the bacteria in which the 
expression cassette is to be used. Alternatively, the inducible 
promoter can be induced by a molecule (e.g. a small 
molecule or protein) heterologous to the bacteria in which 
the expression cassette is to be used. A variety of inducible 
promoters are well-known to those of ordinary skill in the 
art. 

[0244] In some embodiments of the expression cassettes, 
at the 3' -end of the promoter is a poly-purinc Shinc-Dal- 
garno sequence, the element required for engagement of the 
30S ribosomal subunit (via 16S rRNA) to the heterologous 
gene RNA transcript and initiation of translation. The Shine- 
Dalgarno sequence has typically the following consensus 
sequence: 5'-NAGGAGGU-N 5 _ JO -AUG (start codon)-3' 
(SEQ ID NO:85). There are variations of the poly-purine 
Shine-Dalgarno sequence. Notably, the Listeria hly gene 
that encodes listerolysin O (LLC)) has the following Shine- 
Dalgarno sequence: AAGGAGA GTGAAACCCATG'(SEO 
ID NO:70) (Shine-Dalgarno sequence is underlined, and the 
translation start codon is bolded). 

[0245] The construction of expression cassettes for use in 
bacteria, and even the construction of expression cassettes 
specifically for use in recombinant bacterial vaccines, are 
known in the art. For instance, descriptions of the production 
and use of a variety of bacterial expression cassettes and/or 
recombinant bacterial vaccines can be found in the follow- 
ing references, each of which is hereby incorporated by 
reference herein in its entirety: Horwitz et al., Proc. Natl. 
Acad. Sci. USA, 97:13853-8 (20(H)); Garmory et al.,./. Drug 
Target, 11:471-9 (2003); Kang et al., FEMS Immunol. Med. 
Microbiol., 37:99-104 (2003); Garmory et al., Vaccine, 
21:3051-7 (2003); Kang et al., Infect. Immun., 1739-49 

(2002) ; Russman, et al., J. Immunol., 167:357-65 (2001); 
Harlh el al., Microbiology, 150:2143-51 (2004); Varaldo et 
al., Infect. Immun,, 72:3336-43 (2004); Goonctillckc et al., 
J. Immunol., 171:1602-9 (2003); Uno-Furuta et al., Vaccine, 
21:3149-56 (2003); Biet et al., Infect. Immun., 71:2933-7 

(2003) ; Bao et al., Infect. Immun., 71:1656-61 (2003); 
Kawahara et al., Clin. Immunol., 105:326-31 (2002); Ander- 
son et al., Vaccine, 18:2193-202 (2000); Bumann, Infect. 
Immun., 69:7493-500 (2001); Wang et al., Vaccine, 17:1-12 
(1999); McSorley et al., Infect. Immun., 65:171-8 (1997); 
Gat el al., Infect. Immun., 71:801-13 (2003); U.S. Pat. No. 
5,504,005; U.S. Pat. No. 5,830,702; U.S. Pat. No. 6,051,237; 
U.S. patent Publication No. 2002/0025323; U.S. patent 
Publication No. 2003/0202985; WO 04/062597; U.S. Pat. 
No. 6,566,121; and U.S. Pat. No. 6,270,776. 

[0246] In some embodiments, it is desirable to construct 
expression cassettes that utilize bicistronic, polycistronic 
(also known as multicistronic) expression of heterologous 
coding sequences. Such expression cassettes can utilize, tor 
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example, a single promoter that is operably linked to two or 
more independent coding sequences. These coding 
sequences can, for example, correspond to individual genes 
or can, alternatively, correspond to desired and/or selected 
sub-fragments of a whole designated gene. In this later 
example, a gene might contain a sequence encoding a 
hydrophobic trans-membrane domain, which may poten- 
tially inhibit efficient secretion from Listeria. Thus, it may be 
desirable to segregate in two sub-fragments the coding 
sequence of this gene from the hydrophobic domain; in this 
instance the two sub-fragments are then expressed as a 
bicistronic message. Utilization of polycistronic expression 
requires that the 3()s ribosome subunit stay on the polycis- 
tronic RNA message following translation termination of the 
first coding sequence and release of the 50s ribosome 
sub-unit, and subsequently "read -thro ugh" the RNA mes- 
sage to the next initiation codon, during which the 50s 
ribosome sub-unit binds to the RNA-bound 30s ribosome 
subunit, and re-initiating translation. 

[0247] listeria monocytogenes ^ like other bacteria, uti- 
lizes polycistronic expression of its genomic repertoire. By 
way of example, the sequence of a Listeria monocytogenes 
intergenic region from a selected polycistronic message can 
be used to construct polycistronic expression cassettes for 
expression of a selected heterologous protein from recom- 
binant Listeria species. For example, several of the prfA- 
dependent virulence factors from Listeria monocytogenes 
are expressed from polycistronic message. For instance, the 
Listeria monocytogenes Act A and PlcB proteins are 
expressed as a bicistronic message. 'ITie DNA sequence 
corresponding to the Listeria monocytogenes actA-plcB 
intergenic sequence (5'-3') is shown below 



(SEQ ID NO :71) 
5 ' - TAAAAAC AC AG AACGAAAGAAAAAGTGAGGTGAATGA- 3 ' 

[0248] (The Shine-Dalgarno sequence for translation ini- 
tiation of plcB is shown in bold. The first 3 nucleotides of the 
sequence correspond to an Ochre stop codon.) For a non- 
limiting example of a bicistronic expression vector, a bicis- 
tronic hEphA2 expression vector for use in Listeria mono- 
cytogenes, see Example 28, below. 

[0249] Alternatively, other known intergenic or synthetic 
sequences can be used to construct polycistronic expression 
cassettes for use in Listeria or other bacteria. Construction 
of intergenic regions which lead to substantial secondary 
RNA structure should be prevented, to avoid unwanted 
transcription termination by a rho-independenl mechanism. 

[0250] Importantly, if secretion of any or all translated 
proteins expressed from the polycistronic message is 
desired, signal peptides must be functionally linked to each 
coding region. In some embodiments, these signal peptides 
differ from each other. 

[0251] Thus, in some embodiments, the expression cas- 
settes described herein for use in Listeria or other bacteria 
are polycistronic (e.g., bicistronic). Two or more polypep- 
tides are encoded by the bicistronic or polycistronic expres- 
sion cassettes as discrete polypeptides. In some embodi- 
ments, the bicistronic or polycistronic expression cassettes 
comprise an intergenic sequence (e.g., from a bicistronic or 
polycistronic gene) positioned between the coding 



sequences of the two polypeptides. In some embodiments, 
the intergenic sequence comprises a sequence which pro- 
motes ribosomal entry and initiation of translation. In some 
embodiments, the intergenic sequence comprises a Shine- 
Dalgarno sequence. In some embodiments, the intergenic 
sequence is the Listeria monocytogenes actA-plcB inter- 
genic sequence. Typically, the intergenic sequence is posi- 
tioned between a polynucleotide sequence encoding a first 
polypeptide (or a first fusion protein comprising a first 
polypeptide and a signal peptide) and a polynucleotide 
sequence encoding a second polypeptide (or a second fusion 
protein comprising a second polypeptide and signal pep- 
tide). 

[0252] Accordingly, in one aspect, the invention provides 
an expression cassette comprising the following: (a) a first 
polynucleotide encoding a first polypeptide; (b) a second 
polynucleotide encoding a second polypeptide; (c) an inter- 
genic sequence positioned between the first and second 
polynucleotides; and (f) a promoter operably linked to the 
first and second polynucleotides, wherein the expression 
cassette encodes the first and second polypeptides as two 
discrete polypeptides. In some embodiments, the first and 
second polypeptides are polypeptides selected from any of 
the polypeptides described herein (e.g., in Section IV, 
above). In some embodiments, at least one of the first or 
second polypeptides comprises an antigen. In some embodi- 
ments, the first and second polynucleotides each comprise a 
(different or the same) fragment of the same antigen. In some 
embodiments, the antigen is a tumor-associated antigen or is 
derived from a tumor-associated-antigen. 

[0253] The invention further provides an expression cas- 
sette comprising the following: (a) a first polynucleotide 
encoding a first signal peptide; (b) a second polynucleotide 
encoding a first (non-signal) polypeptide, wherein the sec- 
ond polynucleotide is in the same translational reading 
frame as the first polynucleotide; (c) a third polynucleotide 
encoding a second signal peptide; (d) a fourth polynucle- 
otide encoding a second (non-signal) polypeptide, wherein 
the fourth polynucleotide is in the same translational reading 
frame as the third polynucleotide; (e) an intergenic sequence 
(typically positioned between the second polynucleotide and 
the third polynucleotide); and (f) a promoter operably linked 
to the first polynucleotide, second polynucleotide, third 
polynucleotide, and fourth polynucleotide, so that the 
expression cassette encodes both a first fusion protein com- 
prising the first signal peptide and the first polypeptide and 
a second fusion protein comprising the second signal peptide 
and second polypeptide. In some embodiments, the one or 
more of the polynucleotides encoding a signal peptide is 
codon-optimized for expression in a bacterium. In some 
embodiments, the third and/or fourth polynucleotides are 
codon-optimized for expression in a bacterium (preferably 
in addition to codon-optimization of the polynucleotides 
encoding the signal peptides). In some embodiments, the 
first and/or second signal peptide is a non-secAl bacterial 
signal peptide. In some embodiments, the intergenic 
sequence is the Listeria monocytogenes actA-plcB inter- 
genic sequence. In some embodiments, the second and third 
polypeptides are polypeptides selected from any of the 
polypeptides described herein (e.g., in Section IV, above), 
such as polypeptides comprising antigens. In some embodi- 
ments, the first and second polypeptides are polypeptides 
selected from any of the polypeptides described herein (e.g., 
in Section IV, above). In some embodiments, at least one of 



US 2005/0249748 Al 



37 



Nov. 10, 2005 



the first or second polypeptides comprises an antigen. In 
some embodiments, the first and second polynucleotides 
each comprise a fragment of the same antigen. In some 
embodiments, the antigen is a tumor- associated antigen or is 
derived from a tumor-associatcd-antigcn. 

[0254] For instance, the invention provides a polycistronic 
expression cassette for expression of heterologous polypep- 
tides in Listeria, wherein the expression cassette encodes at 
least two discrete non-Listerial polypeptides. In some 
embodiments, the polycistronic expression cassette is a 
bicistronic expression cassette which encodes two discrete 
non-Listerial polypeptides. In some embodiments, the 
expression cassette comprises the following: (a) a first 
polynucleotide encoding a first non-Listerial polypeptide; 
(b) a second polynucleotide encoding a second non-Listerial 
polypeptide; (c) an intergenic sequence positioned between 
the first and second polynucleotides; and (d) a promoter 
operably linked to the first and second polynucleotides, 
wherein the expression cassette encodes the first and second 
polypeptides as two discrete polypeptides. If the expression 
cassette is a polycistronic expression cassette that encodes 
three polypeptides as discrete polypeptides, the expression 
cassette will comprise a third polynucleotide operably linked 
to the promoter and a second intergenic sequence positioned 
between the second and third polynucleotide. In some 
embodiments, at least one of the non-Listerial polypeptides 
comprises an antigen. In some embodiments, at least two of 
the non-Listerial polypeptides each comprises a fragment of 
the same antigen. 

[0255] In some embodiments, the expression cassette 
comprises the following: (a) a first polynucleotide encoding 
a first signal peptide; (b) a second polynucleotide encoding 
a first (non-signal) non-Listerial polypeptide, wherein the 
second polynucleotide is in the same translational reading 
frame as the first polynucleotide; (c) a third polynucleotide 
encoding a second signal peptide; (d) a fourth polynucle- 
otide encoding a second (non-signal) non-Listerial polypep- 
tide, wherein the fourth polynucleotide is in the same 
translational reading frame as the third polynucleotide; (e) 
an intergenic sequence positioned between the second poly- 
nucleotide and the third polynucleotide; and (f) a promoter 
operably linked to the first polynucleotide, second poly- 
nucleotide, third polynucleotide, and fourth polynucleotide, 
so that the expression cassette encodes both a first fusion 
protein comprising the first signal peptide and the first 
polypeptide and a second fusion protein comprising the 
second signal peptide and second polypeptide. In some 
embodiments, at least one of the non-Listerial polypeptides 
is an antigen. In some embodiments, at least two of the 
non-Listerial polypeptides arc each fragments of the same 
antigen. 

[0256] The invention also provides a method of using any 
of the expression cassettes described herein to produce a 
recombinant bacterium (e.g. a recombinant Listeria bacte- 
rium). In some embodiments, the method of using an 
expression cassette described herein to make a recombinant 
bacterium comprises introducing the expression cassette 
into a bacterium. In some embodiments, the expression 
cassette is integrated into the genome of the bacterium. In 
some other embodiments, the expression cassette is on a 
plasmid which is incorporated within the bacterium. In some 
embodiments, incorporation of the expression cassette into 
the bacterium occurs by conjugation. The introduction of the 



expression cassette into the bacterium can be effected by any 
of the standard techniques known in the art. For instance, 
incorporation of the expression cassette into the bacterium 
can occur by conjugation, transduction (transaction), or 
transformation. 

[0257] VII. Vectors 

[0258] The invention further provides vectors, such as 
expression vectors, which comprise any one of the expres- 
sion cassettes and/or recombinant nucleic acid molecules 
described herein. In some embodiments, the vector is a 
plasmid. In some embodiments, the vector is linear. In some 
embodiments, the vector is circular. In some embodiments, 
the vector is an integration or homologous recombinant 
vector. In some embodiments, the vector is pAM401. In 
some embodiments, the vector is pPL2. In some embodi- 
ments, the vector is isolated. 

[0259] As indicated above, in some embodiments, an 
expression cassette described herein is contained within an 
expression vector. In some embodiments, the vector is a 
plasmid. In other embodiments the vector is linear. In 
alternative embodiments, the expression cassette is inserted 
(i.e. integrated) within genomic DNAof a bacterium using 
an expression vector. In some embodiments, the expression 
vector is linear. In other embodiments, the expression vector 
is circular. 

[0260] Expression vectors suitable for use in bacteria such 
as Listeria are known to those skill in the art. There are a 
variety of suitable vectors suitable for use as a plasmid 
construct backbone for assembly of the expression cassettes. 
A particular plasmid construct backbone is selected based on 
whether expression of the polynucleotide (i.e., a polynucle- 
otide encoding a heterologous antigen) from the bacterial 
chromosome or from an extra-chromosomal episome is 
desired. 

[026 1) In some embodiments, incorporation of the expres- 
sion cassette (and/or recombinant nucleic acid molecule) 
into the bacterial chromosome of Listeria monocytogenes 
(Listeria) is accomplished with an integration vector that 
contains an expression cassette for a listeriophage integrase 
that catalyzes sequence -specific integration of the vector 
into the Listeria chromosome. For example, the integration 
vectors known as pPLl and pPL2 program stable single - 
copy integration of a heterologous protein expression cas- 
sette within an innocuous region of the bacterial genome, 
and have been described in the literature (Lauer et. a 1.2002 
J. Bacterid. 184:4177-4178; U.S. patent Publication No. 
20030203472). The integration vectors are stable as plas- 
mids in E. coli and are introduced via conjugation into the 
desired Listeria background. Each vector lacks a Listeria- 
specific origin of replication and encodes a phage integrase, 
such that the vectors are stable only upon integration into a 
chromosomal phage attachment site. Starling with a desired 
plasmid construct, the process of generating a recombinant 
Listeria strain expressing a desired protcin(s) takes approxi- 
mately one week. The pPLl and pPL2 integration vectors 
are based, respectively, on the U153 and PSA listeriophages. 
The pPLl vector integrates within the open reading frame of 
the comK gene, while pPL2 integrates within the tRNAArg 
gene in such a manner that the native sequence of the gene 
is restored upon successful integration, thus keeping its 
native expressed function intact. The pPLl and pPL2 inte- 
gration vectors contain a multiple cloning site sequence in 
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order to facilitate construction of plasmids containing a 
recombinant nucleic acid molecule or an expression cassette 
such as the heterologous protein expression cassette. Some 
specific examples of the use of the pPL2 integration vector 
arc described in Example 2 and Example 3, below. 

[0262] Alternatively, incorporation of the expression cas- 
sette (and/or recombinant nucleic acid molecule) into the 
Listeria chromosome can be accomplished through allelic 
exchange methods, known to those skilled in the art. In 
particular, compositioas in which it is desired to not incor- 
porate a gene encoding an antibiotic resistance protein as 
part of the construct containing the expression cassette, 
methods of allelic exchange are desirable. For example, the 
pKSV7 vector (Camilli et. al. Mol. Microbiol (1993) 8,143- 
157), contains a temperature -sensitive Listeria Gram-posi- 
tive replication origin which is exploited to select for 
recombinant clones at the non-permissive temperature that 
represent the pKSV7 plasmid recombined into the Listeria 
chromosome. 'lTie pKSV7 allelic exchange plasmid vector 
contains a multiple cloning site sequence in order to facili- 
tate construction of plasmids containing the protein expres- 
sion cassette, and also a chloramphenicol resistance gene. 
For insertion into the Listeria chromosome, the expression 
cassette construct may be Hanked by approximately 1 kb of 
chromosomal DNA sequence that corresponds to the precise 
location of desired integration. The pKSV7-expression cas- 
sette plasmid may be introduced into a desired bacterial 
strain by electroporation, according to standard methods for 
electroporation of Gram positive bacteria. A non-limiting 
example of a method of effecting allelic exchange using the 
pKSV7 vector is provided in Example 16 below. 

[0263] In other embodiments, it may be desired to express 
the polypeptide (including a fusion protein comprising a 
polypeptide) from a stable plasmid episome. Maintenance of 
the plasmid episome through passaging for multiple genera- 
tions requires the co-expression of a protein that confers a 
selective advantage for the plasmid-containing bacterium. 
As non- limiting examples, the protein co -expressed from the 
plasmid in combination with the polypeptide may be an 
antibiotic resistance protein, for example chloramphenicol, 
or may be a bacterial protein (that is expressed from the 
chromosome in wild-type bacteria), that can also confer a 
selective advantage. Non-limiting examples of bacterial 
proteins include enzyme required for purine or amino acid 
biosynthesis (selected using defined media lacking relevant 
amino acids or other necessary precursor macromolecules), 
or a transcription factor required for the expression of genes 
that confer a selective advantage in vitro or in vivo(Gunn et. 
al. 200 J J. Immuol. 167:6471-6479). As a non-limiting 
example, pAM401 is a suitable plasmid for cpisomal expres- 
sion of a selected polypeptide in diverse Gram-positive 
bacterial genera (Wirth et. al. 1986 J. Bacteriol 165:831- 
836). For further description of exemplary uses of pAM401, 
sec Examples 3 and 13, below. 

[0264] Incorporation of the expression cassette into the 
bacterial chromosome of B. anthracis can, for instance, be 
accomplished with an integration vector that contains an 
expression cassette for a phage integrase that catalyzes 
sequence-specific integration of the vector into the B. 
anthracis chromosome. The integrase and attachment site of 
a B. anthracis phage can be used to derive an integration 
vector, to incorporate desired antigen expression cassettes 
into the vaccine composition. As a non-limiting example, the 



integrase and attachment site from the B. anthracis temper- 
ate phage w-alpha is used to derive a B. anthracis specific 
integration vector (McCloy, E. W. 1951. Studies on a 
lysogenic Bacillus slain. I. A bacteriophage specific for 
Bacillus anthracis. J. Hyg. 49:114-125). 

[0265] Alternatively, incorporation of an antigen expres- 
sion cassette into the B. anthracis chromosome can be 
accomplished through allelic exchange methods, known to 
those skilled in the art. See, e.g., Gat et al., Infect. Immun., 
71:801-13 (2003). In particular, compositions in which it is 
desired to not incorporate a gene encoding an antibiotic 
resistance protein as part of the construct containing the 
expression cassette, methods of allelic exchange are desir- 
able. For example, the pKSV7 vector (Camilli et. al. Mol. 
Microbiol. 1993 8,143-157), contains a temperature-sensi- 
tive Listeria -derived Gram positive replication origin which 
is exploited to select for recombinant clones at the non- 
permissive temperature that represent the pKSV7 plasmid 
recombined into the bacterial chromosome. The pKSV7 
allelic exchange plasmid vector contains a multiple cloning 
site sequence in order to facilitate construction of plasmids 
containing the expression cassette, and also a chlorampheni- 
col resistance gene. For insertion into the Bacillus anthracis 
chromosome, the expression cassette construct may be 
flanked by approximately 1 kb of chromosomal DNA 
sequence that corresponds to the precise location of desired 
integration. The pKSV7-expression cassette plasmid may be 
introduced into a desired bacterial strain by electroporation, 
according to standard methods for electroporation of Gram 
positive bacteria. A non-limiting example of a method of 
effecting allelic exchange in B. anthracis is provided in U.S. 
patent application Ser. No. 10/883,599, incorporated by 
reference herein in its entirety. In particular, allelic exchange 
using the pKSV7 vector can be used in strains of B. 
anthracis to add a desired antigen expression cassette at any 
desired location within the bacterial chromosome. 

[0266] The allelic exchange methods described above 
using pKSV7 are broadly applicable to use in gram positive 
bacteria. In addition, a variety of expression vectors useful 
in bacteria, including recombinant bacterial vectors, are 
known to those of ordinary skill in the art. Examples include 
those vectors described in the following references, each of 
which is incorporated by reference herein in its entirety: 
Horwilz el al., Hmc. Natl. Acad. Sci. USA, 97:13853-8 
(2000); Garmory et al., J. Drug Target, 11:471-9 (2003); 
Kang et al., FEMS Immunol Med. Microbiol, 37:99-104 
(2003); Garmory et al., Vaccine, 21:3051-7 (2003); Kang et 
al., Infect. Immun., 1739-49 (2002); Russman, et al., J. 
Immunol, 167:357-65 (2001); Harth et al., Microbiology, 
150:2143-51 (2004); Varaldo et zljnfect. Immun., 72:3336- 
43 (2004); Goonetilleke et al., J. Immunol, 171:1602-9 
(2003); Uno-Furuta et al., Vaccine, 21:3149-56 (2003); Biet 
el al., Infect. Immun., 71:2933-7 (2003); Bao el al., Infect. 
Immun., 71:1656-61 (2003); Kawahara et al., Clin. Immu- 
nol, 105:326-31 (2002); Anderson et al., Vaccine, 18:2193- 
202 (2000); Bumann, Infect. Immun., 69:7493-500 (2001); 
Wanget al., Vaccine, 17:1-12 (1999); McSorley et al., Infect. 
Immun., 65 : 1 7 1 -8 ( 1 997); ( iat et al ., Infect. Immun., 71 :8()1 - 
13 (2003); U.S. Pat. No. 5,504,005; U.S. Pat. No. 5,830,702; 
U.S. Pat. No. 6,051,237; U.S. patent Publication No. 2002/ 
0025323; U.S. patent Publication No. 2003/0202985; WO 
04/062597; U.S. Pat. No. 6,566,121; and U.S. Pat. No. 
6,270,776. 
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[0267] The invention further provides expression vectors 
comprising expression cassettes comprising the following: 
(a) a first polynucleotide encoding a first signal peptide; (b) 
a second polynucleotide encoding a first polypeptide, 
wherein the second polynucleotide is in the same transla- 
tional reading frame as the first polynucleotide; (c) an 
intergenic sequence; (d) a third polynucleotide encoding a 
second signal peptide; (e) a fourth polynucleotide encoding 
a second polypeptide, wherein the fourth polynucleotide is 
in the same translational reading frame as the third poly- 
nucleotide; and (f) a promoter operably linked to the first 
polynucleotide, second polynucleotide, third polynucle- 
otide, fourth polynucleotide, and intergenic sequence, such 
that the expression cassette encodes both a first fusion 
protein comprising the first signal peptide and the first 
polypeptide and a second fusion protein comprising the 
second signal peptide and second polypeptide. 

[0268] The invention further provides methods of using 
any of the expression vectors described herein to produce a 
recombinant bacterium (e.g. a recombinant Listeria bacte- 
rium). In some embodiments, the method of using an 
expression vector described herein to make a recombinant 
bacterium comprises introducing the expression vector into 
a bacterium. 

[0269] VIII. Bacteria and other Host Cells 

[0270] The invention further provides host cells compris- 
ing the recombinant nucleic acid molecules, expression 
cassettes, and/or vectors described herein (see, e.g., the 
Summary of the Invention and Sections I, II, VI, and VII of 
the Detailed Description, above, as well as the specific 
Examples below). In some embodiments, the cells are 
prokaryotic. In some embodiments, the cells arc cukaryotic. 
In some embodiments, the cells are mammalian. In some 
embodiments, the cells are antigen-presenting cells, such as 
dendritic cells. In some embodiments, the cells are bacterial 
cells. In some embodiments, the host cells are isolated. 

[0271] For example, the invention provides bacteria com- 
prising the recombinant nucleic acid molecules, expression 
cassettes, and/or the vectors described herein (see, e.g., 
Summary of the Invention and Sections I, II, VI, and VII of 
the Detailed Description, above, as well as the specific 
examples below). The bacteria comprising these polynucle- 
otides are alternatively referred to herein as "recombinant 
bacteria," and a bacterium comprising a recombinant nucleic 
acid molecule, expression cassette, or vector described 
herein is alternatively referred to herein as "a recombinant 
bacterium." In some embodiments, the bacteria comprising 
the recombinant nucleic acid molecules, expression cas- 
settes, and/or expression vectors are isolated. In some 
embodiments, the recombinant bacteria comprising the 
recombinant nucleic acid molecules, expression cassettes, 
and/or expression vectors express the polypeptides or fusion 
proteins encoded by the recombinant nucleic acid mol- 
ecules, expression cassettes, and/or expression vectors con- 
tained therein. In some embodiments, the recombinant bac- 
teria secrete the polypeptides or fusion proteins encoded by 
the recombinant nucleic acid molecules, expression cas- 
settes, and/or expression vectors contained therein. In some 
embodiments, the recombinant bacteria express and secrete 
the polypeptides and/or fusion proteins in an amount suffi- 
cient to generate an immune response in a host upon 
administration of the bacteria (or a composition comprising 
the bacteria) to a host (e.g., a human subject). 



[0272] In some embodiments, the bacteria are selected 
from the group consisting of gram positive bacteria, Gram 
negative bacteria, intracellular bacteria and mycobacteria. In 
some embodiments, the bacteria are gram positive bacteria. 
In some embodiments of the invention, the bacteria arc 
intracellular bacteria (e.g., facultative intracellular bacteria). 
In some embodiments the bacteria belong to the genus 
listeria. In other embodiments, the bacteria are members of 
the species Listeria monocytogenes. In some other embodi- 
ments the bacteria arc members of the Listeria ivanovii, 
Listeria seeligeri, or Listeria innocua species. In some 
embodiments, the bacteria are members of the genus Bacil- 
lus. In another embodiment, the bacteria are Bacillus ant lira - 
cis. In still another embodiment, the bacteria are Yersinia 
pestis. In other embodiments of the invention, the bacteria 
are from the genus Salmonella. In some embodiments, the 
bacteria are Salmonella typhimurium. In some embodi- 
ments, the bacteria belong to the genus Shigella. For 
instance, in some embodiments, the bacteria arc Shigella 
flexneri. In some embodiments, the bacteria are members of 
the genus Brucella. In an alternative embodiment, the bac- 
teria are mycobacteria. The mycobacteria is optionally a 
member of the species Mycobacterium tuberculosis. 1 n some 
embodiments, the bacteria arc Bacillus Calmcttc-Gucrin 
(BCG). In some embodiments, the bacteria are E. coli, for 
instance, an E. coli which has been modified to express 
Listeriolysin O (LLO). Accordingly, in some embodiments, 
the bacteria comprising the recombinant nucleic acid mol- 
ecules, expression cassettes, and/or vectors described herein 
are selected from the group consisting of Listeria, Bacillus 
anthracis, Yersinia pestis, Salmonella, and mycobacteria. In 
some other embodiments, the bacteria comprising the 
recombinant nucleic acid molecules, expression cassettes, 
and/or vectors described herein are selected from the group 
consisting of Listeria, Bacillus, Yersinia pestis, Salmonella, 
Shigella, Brucella, mycobacteria and E. coli. 

[0273] In some embodiments, the bacteria of the invention 
that are modified through the insertion of the recombinant 
nucleic acid molecules, expression cassettes, and/or vectors 
described herein (e.g., sec the Summary of the Invention, 
Sections I, II, VI, and VII of the Detailed Description, above, 
and the Examples, below) to express polypeptides, and, in at 
least some embodiments, secrete the polypeptides, are wild- 
type bacteria. For instance, in some embodiments, the 
recombinant bacterium is a wild-type Listeria bacterium, 
such as a Listeria monocytogenes bacterium, which com- 
prises the recombinant nucleic acid molecule, expression 
cassette, and/or vector. However, in some embodiments of 
the invention, the bacteria comprising the expression cas- 
settes and/or vectors is a mutant strain of the bacteria. In 
some embodiments, the bacteria are attenuated. In some 
embodiments, the bacteria are an attenuated mutant strain of 
bacteria. A mutant in which a gene "xyz" has been deleted 
is alternatively referred to herein as Axyz" or xyz or an xyz 
deletion mutant. For instance, a bacterial strain in which the 
uvrAgene has been deleted is alternatively referred to herein 
as uvrA mutant, AuvrA, or uvrA". In addition, it will be 
understood by one of ordinary skill in the art that a reference 
to a particular mutant or strain as an "xyz" mutant or "xyz" 
strain will sometimes refer to a mutant or strain in which the 
xyz gene has been deleted. 

[0274] The mutation in a mutant bacterium comprising the 
expression cassettes and/or expression vectors may be a 
mutation of any type. For instance, the mutation may 
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constitute a point mutation, a frame-shift mutation, an 
insertion, a deletion of part or all of a gene. In addition, in 
some embodiments of the modified strains, a portion of the 
bacterial genome has been replaced with a heterologous 
polynucleotide. In some embodiments, the mutations arc 
naturally-occurring. In other embodiments, the mutations 
are the results of artificial mutation pressure. In still other 
embodiments, the mutations in the bacterial genome are the 
result of genetic engineering. 

[0275] In some embodiments, the bacteria comprising any 
one of the recombinant nucleic acid molecules, expression 
cassettes and/or vectors described herein are attenuated for 
cell-to-cell spread, entry into non-phagocytic cells, or pro- 
liferation (relative to the wild-type bacteria). The bacteria 
may be attenuated by mutation or by other modifications. In 
some embodiments, the bacteria comprising any one of the 
recombinant nucleic acid molecules, expression cassettes 
and/or expression vectors described herein are attenuated for 
cell-to-cell spread (e.g., Listeria monocytogenes act A 
mutants). In some embodiments, the bacteria comprising 
any one of the recombinant nucleic acid molecules, expres- 
sion cassettes and/or expression vectors described herein are 
attenuated for entry into non-phagocytic cells (e.g., Listeria 
monocytogenes internalin mutants, such as in/H deletion 
mutants). In some embodiments, the bacteria comprising 
any one of the recombinant nucleic acid molecules, expres- 
sion cassettes and/or expression vectors described herein are 
attenuated for proliferation. In some embodiments, the bac- 
teria are attenuated both for cell-lo-cell spread and for entry 
into non-phagocytic cells. 

[0276] In some embodiments, the bacteria comprising the 
expression cassettes and/or expression vectors described 
herein are attenuated for cell-to-cell spread. In some 
embodiments, the bacteria (e.g., Listeria) are defective with 
respect to Act A (relative to the non-mutant or wildtype 
bacteria), or its equivalent (depending on the organism). In 
some embodiments, the bacteria comprise one or more 
mutation in act A. For instance, the bacterium (e.g.. Listeria) 
may be an actA deletion mutant. ActA is the actin poly- 
merase encoded by the actA gene (Kocks, ct al., Cell, 
68:521-531 (1992); Genbank accession no. AL591974, nts 
9456-11389). The actin polymerase protein is involved in 
the recruitment and polymerization of host F-actin at one 
pole of the Listeria bacterium. Subsequent polymerization 
and dissolution of actin results in Listeria propulsion 
throughout the cytosol and into neighboring cells. This 
mobility enables the bacteria to spread directly from cell- 
lo-cell without further exposure to the extracellular envi- 
ronment, thus escaping host defenses such as antibody 
development. In some embodiments, the attenuated Listeria 
optionally comprises both a mutation in an internalin gene, 
such as in IB, and in actA. The Listeria strain of this 
embodiment of the present invention is attenuated for entry 
into non-phagocytic cells as well as attenuated for ccll-to- 
cell spreading. 

[0277] In some embodiments, the capacity of the attenu- 
ated bacterium for cell-to-cell spread is reduced by at least 
about 10%, al least about 25%, al least about 50%, at least 
about 75%, or at least about 90%, relative to a bacterium 
without the attenuating mutation (e.g., the wild type bacte- 
rium). In some embodiments, the capacity of the attenuated 
bacterium for cell-to-cell spread is reduced by at least about 
25% relative to a bacterium without the attenuating muta- 



tion. In some embodiments, the capacity of the attenuated 
bacterium attenuated for cell-to-cell spread is reduced by at 
least about 50% relative to a bacterium without the attenu- 
ating mutation. 

[0278] In vitro assays for determining whether or not a 
bacterium such as a Listeria bacterium is attenuated for 
ccll-to-ccll spread arc known to those of ordinary skill in the 
art. For example, the diameter of plaques formed over a time 
course after infection of selected cultured cell monolayers 
can be measured. Plaque assays within L2 cell monolayers 
can be performed as described previously in Sun, A., A. 
Camilli, and D. A. Portnoy. 1990, Isolation of Listeria 
monocytogenes small-plaque mutants defective for intracel- 
lular growth and cell-to-cell spread. Infect. Immun. 58:3770- 
3778, with modifications to the methods of measurement, as 
described by in Skoble, J., D. A. Portnoy, and M. D. Welch. 
2000, Three regions within ActA promote Arp2/3 complex- 
mediated actin nucleation and Listeria monocytogenes 
motility. J. Cell Biol. 150:527-538. In brief, L2 cells are 
grown to confluency in six- well tissue culture dishes and 
then infected with bacteria for 1 h. Following infection, the 
cells are overlayed with media warmed to 40° C. that is 
comprised of DME containing 0.8% agarose, Fetal Bovine 
Serum (e.g., 2%), and a desired concentration of Gentami- 
cin. The concentration of Gentamicin in the media dramati- 
cally affects plaque size, and is a measure of the ability of a 
selected Listeria strain to effect cell-to-cell spread (Glomski, 
I J., M. M. Gedde, A. W. Tsang, J. A. Swanson, and D. A. 
Portnoy. 2002../. Cell Biol. 156:1029-1038). For example, al 
3 days following infection of the monolayer the plaque size 
of Listeria strains having a phenotype of defective ccll-to- 
cell spread is reduced by at least 50% as compared to 
wild-type Listeria, when overlayed with media containing 
Gentamicin at a concentration of 50 //g/ml. On the other- 
hand, the plaque size between Listeria strains having a 
phenotype of defective cell-to-cell spread and wild-lype 
Listeria is similar, when infected monolayers are overlayed 
with media+agarose containing only 5 //g/ml gentamicin. 
Thus, the relative ability of a selecled strain to effect 
ccll-to-ccll spread in an infected cell monolayer, relative to 
wild-type Listeria can be determined by varying the con- 
centration of gentamicin in the media containing agarose. 
Optionally, visualization and measurement of plaque diam- 
eter can be facilitated by the addition of media containing 
Neutral Red (GIBCO BRL; 1:250 dilution in DME+agarose 
media) to the overlay at 48 h. post infection. Additionally, 
the plaque assay can be performed in monolayers derived 
from other primary cells or continuous cells. For example 
HcpG2 cells, a hcpatocytc-dcrivcd cell line, or primary 
human hepatocytes can be used to evaluate the ability of 
selected Listeria mutants to effect cell-to-cell spread, as 
compared to wild-type Listeria. In some embodiments, 
Listeria comprising mutations or other modifications that 
attenuate the Listeria for ccll-to-ccll spread produce "pin- 
point" plaques at high concentrations of gentamicin (about 
50 //g/ml). 

[0279] In some embodiments, the bacteria comprising the 
expression cassettes and/or expression vectors described 
herein are mutant bacleria that are attenuated for nucleic 
acid repair (relative to wildtype such as bacteria without the 
attenuating genetic mutation). For instance, in some embodi- 
ments, the bacteria are defective with respect to at least one 
DNA repair enzyme (e.g., Listeria monocytogenes uvrAB 
mutants). In some embodiments, the bacteria are defective 
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with respect to PhrB, UvrA, UvrB, UvrC, UvrD, and/or 
RecA, or one of their equivalents (depending on the genus 
and species of the bacteria). In some embodiments, the 
bacteria are defective with respect to UvrA, UvrB, and/or 
UvrC. In some embodiments, the bacteria comprise attenu- 
ating mutations in phrB, uvrA, uvrB, uvrC, uvrD, and/or 
recA genes. In some embodiments, the bacteria comprise 
one or more mutations in the uvrA, uvrB, and/or uvrC genes. 
In some embodiments, the bacteria are functionally deleted 
in UvrA, UvrB, and/or UvrC. In some embodiments, the 
bacteria are deleted in functional UvrA and UvrB. In some 
embodiments, the bacteria are uvrAB deletion mutants. In 
some embodiments, the bacteria are AuvrABAactA mutants. 
In some embodiments, the nucleic acid of the bacteria which 
are attenuated for nucleic acid repair and/or are defective 
with respect to at least one DNA repair enzyme are modified 
by reaction with a nucleic acid targeting compound (see 
below). Nucleic acid repair mutants, such as AuvrAB List- 
eria monocytogenes mutants, and methods of making the 
mutants, are described in detail in U.S. patent Publication 
No.2004/01 97343 (see, e.g., Example 7 of U.S. 2004/ 
0197343). 

[0280] In some embodiments, the capacity of the attenu- 
ated bacterium for nucleic acid repair is reduced by at least 
about 10%, at least about 25%, at least about 50%, at least 
about 75%, or at least about 90%, relative to a bacterium 
without the attenuating mutation (e.g., the wild type bacte- 
rium). In some embodiments, the capacity of the attenuated 
bacterium for nucleic acid repair is reduced by at least about 
25% relative a bacterium without the attenuating mutation. 
In some embodiments, the capacity of the attenuated bac- 
terium attenuated for nucleic acid repair is reduced by al 
least about 50% relative a bacterium without the attenuating 
mutation. 

[0281] Confirmation that a particular mutation is present 
in a bacterial strain can be obtained through a variety of 
methods known to those of ordinary skill in the art. For 
instance, Ihe relevant portion of the strain's genome can be 
cloned and sequenced. Alternatively, specific mutations can 
be identified via PCR using paired primers that code for 
regions adjacent to a deletion or other mutation. Southern 
blots can also be used to detect changes in the bacterial 
genome. Also, one can analyze whether a particular protein 
is expressed by the strain using techniques standard to the art 
such as Western blotting. Confirmation that the strain con- 
tains a mutation in the desired gene may also be obtained 
through comparison of the phenotype of the strain with a 
previously reported phenotype. For example, the presence of 
a nucleotide excision repair mutation such as deletion of 
uvrAB can be assessed using an assay which tests the ability 
of the bacteria to repair its nucleic acid using the nucleotide 
excision repair (NER) machinery and comparing that ability 
against wild-type bacteria. Such functional assays are 
known in the art. For instance, cyclobutanc dimer excision 
or the excision of UV-induced (6-4) products can be mea- 
sured to determine a deficiency in an NER enzyme in the 
mutant (see, e.g., Franklin el al., Proc. Natl. Acad. Sci. USA, 
81: 3821-3824 (1984)). Alternatively, survival measure- 
ments can be made to assess a deficiency in nucleic acid 
repair. For instance, the bacteria can be subjected to psor- 
alen/UVA treatment and then assessed for their ability to 
proliferate and/or survive in comparison to wild-type. 



[0282] In some embodiments„the bacterium is attenuated 
for entry into non-phagocytic cells (relative or a non-mutant 
or wildtype bacterium). In some embodiments, the bacte- 
rium (e.g., Listeria) is defective with respect to one or more 
intcrnalins (or equivalents). In some embodiments, the bac- 
terium is defective with respect to internalin A. In some 
embodiments, the bacterium is defective with respect to 
internalin B. In some embodiments, the bacterium comprises 
a mutation in inlA. In some embodiments, the bacterium 
comprises a mutation in inlB. In some embodiments, the 
bacterium comprises a mutation in both actA and inlb. In 
some embodiments, the bacterium is deleted in functional 
ActA and internalinB. In some embodiments, the bacterium 
is an AactAAinlB double deletion mutant. In some embodi- 
ments, the bacterium is defective with respect to both ActA 
and internalin B. 

[0283] In some embodiments, the capacity of the attenu- 
ated bacterium for entry into non-phagocytic cells is reduced 
by at least about 10%, at least about 25%, at least about 50%, 
at least about 75%, or at least about 90%, relative to a 
bacterium without Ihe attenuating mutation (e.g., the wild 
type bacterium). In some embodiments, the capacity of the 
attenuated bacterium for entry into non-phagocytic cells is 
reduced by at least about 25% relative to a bacterium 
without the attenuating mutation. In some embodiments, the 
capacity of the attenuated bacterium for entry into non- 
phagocytic cells is reduced by at least about 50% relative to 
a bacterium without the attenuating mutation. In some 
embodiments, the capacity of the attenuated bacterium for 
entry into non-phagocytic cells is reduced by at least about 
75% relative to a bacterium without the attenuating muta- 
tion. 

[0284] In some embodiments, the attenuated bacteria, 
such as a mutant Listeria strain, are not attenuated for entry 
into more than one type of non-phagocytic cell. For instance, 
the attenuated strain may be attenuated for entry into hepa- 
locyles, but not attenuated for entry into epithelial cells. As 
another example, the attenuated strain may be attenuated for 
entry into epithelial cells, but not hepatocytes. It is also 
understood that attenuation for entry into a non-phagocytic 
cell of particular modified bacteria is a result of mutaling a 
designated gene, lor example a deletion mutation, encoding 
an invasin protein which interacts with a particular cellular 
receptor, and as a result facilitates infection of a non- 
phagocytic cell. For example, Listeria AinlB mutant strains 
are attenuated for entry into non-phagocylic cells expressing 
the hepatocyte growth factor receptor (c-met), including 
hepatocyte cell lines (e.g., MepG2), and primary human 
hepatocytes. 

[0285] In some embodiments, even though the bacteria 
(e.g., mutant Listeria) are attenuated for entry into non- 
phagocylic cells, the Listeria are still capable of uptake by 
phagocytic cells, such as at least dendritic cells and/or 
macrophages. In one embodiment the ability of the attenu- 
ated bacteria to enter phagocytic cells is not diminished by 
the modification made to the strain, such as the mutation of 
an invasin (i.e. approximately 95% or more of the measured 
ability of the strain to be taken up by phagocytic cells is 
maintained post-modification). In other embodiments, the 
ability of the attenuated bacteria to enter phagocytic cells is 
diminished by no more than about 10%, no more than about 
25%, no more than about 50%, or no more than about 75%. 
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[0286] In some embodiments of the invention, the amount 
of attenuation in the ability of the bacterium (e.g., a Listeria 
bacterium) to enter non-phagocylic cells ranges from a 
two- fold reduction to much greater levels of attenuation. In 
some embodiments, the attenuation in the ability of the 
bacteria to enter non-phagocytic cells is at least about 0.3 
log, about 1 log, about 2 log, about 3 log, about 4 log, about 
5 log, or at least about 6 log. In some embodiments, the 
attenuation is in the range of about 0.3 to >8 log, about 2 to 
>8 log, about 4 to >8 log, about 6 to >8 log, about 0.3-8 log, 
also about 0.3-7 log, also about 0.3-6 log, also about 0.3-5 
log, also about 0.3-4 log, also about 0.3-3 log, also about 
0.3-2 log, also about 0.3-1 log. In some embodiments, the 
attenuation is in the range of about 1 to >8 log, 1-7 log, 1-6 
log, also about 2-6 log, also about 2-5 log, also about 3-5 log. 

[0287] A number of internalins have been identified in L. 
monocytogenes (Boland, ct al., Clinical Microbiology 
Reviews, 2001, 14: 584-640). These internalins include, but 
are not limited to, InlA, InlB, InIC, InlC2, InlD, InlE, InlF, 
InIG, and InlH (Dramsi, et al., Infection and Immunity, 65: 
1615-1625 (1997); Raffelsbauer et al., Mol Gen. Genet. 
260:144-158 (1988)). The gene sequences encoding these 
proteins have been previously reported. For instance, the 
sequences for both inlA and inlB have been reported in 
Gaillard et al., Cell, 65:1 127-1 141 (1991) and as GenBank 
accession number M67471. Genes encoding additional 
members of the internalin-related protein family are identi- 
fied in Web Table 2 of the Supplementary Web material of 
Glaser et al., Science, 294:849-852 (2001), (www- 
.sciencemag.org/cgi/conlent/full/294/5543/849/l)Cl), 
including lmo0327, lmo0331, lmo0514, lmo0610, lmo0732, 
lmoll36, lmol289, lmo2396, Imo0171, lmo0333, lmo0801, 
lmol290, lmo2026, and lmo2821. (The sequences of each 
member of the internalin-related protein family can be found 
in the L. monocytogenes strain EGD genome, GenBank 
Accession no. AL591824, and/or in the L. monocytogenes 
strain EGD-e genome, GenBank Accession no. 
NC_003210. Locations of the various internalin-related 
genes are indicated in Glaser et a I.). 

[0288] InlA (internalin A) (Gaillard et al., Cell, 65:1127- 
1141 (1991); Genbank accession no. NC__003210) directs 
the uptake of Listeria by epithelial cells such as those of the 
intestines. 

[0289] InlB (internalin B) (Gaillard et al., Cell, 65:1127- 
1141 (1991); Genbank accession number AL591975 (List- 
eria monocytogenes strain EGD, complete genome, segment 
3/12, inlB gene region: nts. 97008-98963); and Genbank 
accession number NC_003210 (Listeria monocytogenes 
strain EGD, complete genome, inlB gene region: nts. 
457008-458963), each of which is incorporated by reference 
herein in its entirety) directs the uptake of Listeria by 
hepatocytes or by endothelial cells such as the vascular 
endothelial cells of the brain micro vasculature that comprise 
the blood brain barrier. (For further descriptions of internalin 
B, see Ireton, et al., / of Biological Chemistry 21 A: 17025- 
17032 (1999); Dramsi, ct al., Molecular Microbiology 
16:251-261 (1995); Maasell et al., J. of Biological Chem- 
istry, 276: 43597-43603 (2001); and Bierne et al., J. of Cell 
Science 1 15:3357-3367 (2002), all of which are incorporated 
by reference herein in their entirety.) 

[0290] In some embodiments, the bacterium is deficient 
with respect to ActA, internalin B, or both Act A and 



internalin B. In some embodiments, the bacterium is deleted 
in functional ActA, internalin B, or both ActA and internalin 
B. In some embodiments, the bacterium is deleted in func- 
tional ActA. In some embodiments, the bacterium is deleted 
in functional internalin B. In some embodiments, the bac- 
terium is deleted in functional ActA and internalin B. 

[0291] In vitro assays for determining whether or not a 
bacterium (e.g., a mutant Listeria strain) is attenuated for 
entry into non-phagocytic cells are known to those of 
ordinary skill in the art. For instance, both Dramsi et al., 
Molecular Microbiology 16:251-261 (1995) and Gaillard el 
al., Cell 65:1127-1141 (1991) describe assays for screening 
the ability of mutant L. monocytogenes strains to enter 
certain cell lines. For instance, to determine whether a 
Listeria bacterium with a particular modification is attenu- 
ated for entry into a particular type of non-phagocylic cells, 
the ability of the attenuated Listeria bacterium to enter a 
particular type of non-phagocytic cell is determined and 
compared to the ability of the identical Listeria bacterium 
without the modification to enter non-phagocytic cells. 
Likewise, to determine whether a Listeria strain with a 
particular mutation is attenuated for entry into a particular 
type of non-phagocytic cells, the ability of the mutant 
Listeria strain to enter a particular type of non-phagocytic 
cell is determined and compared to the ability of the listeria 
strain without the mutation to enter non-phagocytic cells. In 
addition, confirmation that the strain is defective with 
respect to internalin B may also be obtained through com- 
parison of the phenotype of the strain with the previously 
reported phenotypes for internalin B mutants. 

[0292] In some embodiments, the attenuation of bacteria 
can be measured in terms of biological effects of the Listeria 
on a host. The pathogenicity of a bacterial strain can be 
assessed by measurement of the LD 50 in mice or other 
vertebrates. The LD 50 is the amount, or dosage, of Listeria 
injected into vertebrates necessary to cause death in 50% of 
the vertebrates. The LD 50 values can be compared for 
bacteria having a particular modification (e.g., mutation) 
versus the bacteria without the particular modification as a 
measure of the level of attenuation. For example, if the 
bacterial strain without a particular mutation has an LD 50 of 
l() 3 bacteria and the bacterial strain having the particular 
mutation has an LD 50 of 10 s bacteria, the strain has been 
attenuated so that is LD 50 is increased 100- fold or by 2 log. 

[0293] Alternatively, the degree of attenuation of the abil- 
ity of a bacterium (e.g., a Listeria bacterium) to infect 
non-phagocytic cells can be assessed much more directly in 
vitro. For instance, the ability of a modified Listeria bacte- 
rium to infect non-phagocytic cells, such as hepatocytes, can 
be compared to the ability of no n -modified Listeria or wild 
type Listeria to infect phagocytic cells. In such an assay, the 
modified and non-modified Listeria are typically added to 
the non-phagocytic cells in vitro for a limited period of time 
(for instance, an hour), the cells are then washed with a 
gentamicin-containing solution to kill any extracellular bac- 
teria, the cells arc lyscd and then plated to assess titer. 
Examples of such an assay are found in U.S. patent publi- 
cation No. 2004/0228877. 

[0294] As a further example, the degree of attenuation 
may also be measured qualitatively by other biological 
effects, such as the extent of tissue pathology or serum liver 
enzyme levels. Alanine aminotransferase (ALT), aspartate 
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aminotransferase (AST), albumin and bilirubin levels in the 
serum are determined at a clinical laboratory for mice 
injected with Listeria (or other bacteria). Comparisons of 
these effects in mice or other vertebrates can be made for 
Listeria with and without particular modifications/mutations 
as a way to assess the attenuation of the Listeria. Attenuation 
of the Listeria may also be measured by tissue pathology. 
'Ifie amount of Listeria that can be recovered from various 
tissues of an infected vertebrate, such as the liver, spleen and 
nervous system, can also be used as a measure of the level 
of attenuation by comparing these values in vertebrates 
injected with mutant versus non-mutant Listeria. For 
instance, the amount of Listeria that can be recovered from 
infected tissues such as liver or spleen as a function of time 
can be used as a measure of attenuation by comparing these 
values in mice injected with mutant vs. non-mutant Listeria. 

[0295] Accordingly, the attenuation of the Listeria can be 
measured in terms of bacterial load in particular selected 
organs in mice known to be targets by wild -type Listeria. 
For example, the attenuation of the Listeria can be measured 
by enumerating the colonics (Colony Forming Units; CFU) 
arising from plating dilutions of liver or spleen homogenates 
(homogenized in H 2 O+0.2% NP40) on BHI agar media. The 
liver or spleen cfu can be measured, for example, over a time 
course following administration of the modified Listeria via 
any number of routes, including intravenous, intraperitoneal, 
intramuscular, and subcutaneous. Additionally, the Listeria 
can be measured and compared to a drug-resistant, wild type 
Listeria (or any other selected Listeria strain) in the liver and 
spleen (or any other selected organ) over a time course 
following administration by the competitive index assay, as 
described. 

[0296] The degree of attenuation in uptake of the attenu- 
ated bacteria by non-phagocytic cells need not be an abso- 
lute attenuation in order to provide a safe and effective 
vaccine. In some embodiments, the degree of attenuation is 
one that provides for a reduction in toxicity sufficient to 
prevent or reduce the symptoms of toxicity to levels that are 
not life threatening. 

[0297] In some embodiments of the invention, the bacte- 
rium that comprises a recombinant nucleic acid molecule, 
expression cassette and/or expression vector described 
herein is a mutant strain of Listeria. In further embodiments, 
the bacterium is an attenuated mutant strain of Listeria 
monocytogenes. A variety of exemplary mutant strains of 
Listeria that are attenuated are described in the U.S. Patent 
Application Nos. 60/446,051 (filed Feb. 6, 2003), 60/449, 
153 (filed Feb. 21, 2003), 60/511,719 (filed Oct. 15, 2003), 
60/511,919 (filed Oct. 15, 2003), 60/511,869 (filed Oct. 15, 
2003), 60/541,5 15 (filed Feb. 2, 2004), and Ser. No. 10/883, 
599 (filed Jun. 30, 2004), as well as in U.S. patent Publi- 
cation Nos. 2004/0197343 and US 2004/0228877, each of 
which is incorporated by reference herein in its entirety. 
Mutant strains of Listeria are also described in the Interna- 
tional Application No. PCT/US 2004/23881, filed Jul. 23, 
2004, which is incorporated by reference herein in its 
entirety. For instance, the bacterium that comprise the 
expression cassette and/or vector is optionally a mutant 
strain of Listeria monocytogenes that is defective with 
respect to AclA or internalin B, or both Act A and internalin 
B. In some embodiments, the bacterium is a mutant strain of 
Listeria monocytogenes that is act A" (e.g., DP-L4029 (the 
DP-L3078 strain described in Skoble et al., J. of Cell 



Biology 150: 527-537 (2000), incorporated by reference 
herein in its entirety, which has been cured of its prophage 
as described in (Lauer et al., J. Bacteriol. 184:4177 (2002); 
U.S. patent Publication No. 2003/0203472)), aclA"inlB- 
(c.g., DP-L4029inlB, deposited with the American Type 
Culture Collection (ATCC), 10801 University Blvd., Manas- 
sas, Va. 20110-2209, United States of America, on Oct. 3, 
2003, under the provisions of the Budapest Treaty on the 
International Recognition of the Deposit of Microorganisms 
for the Purposes of Patent Procedure, and designated with 
accession number PTA-5562), actA"uvrAB" (e.g., 
DP-L4029uvrAB, deposited with the American Type Cul- 
ture Collection (ATCC), 10801 University Blvd., Manassas, 
Va. 20110-2209, United States of America, on Oct. 3, 2003, 
under the provisions of the Budapest Treaty on the Interna- 
tional Recognition of the Deposit of Microorganisms for the 
Purposes of Patent Procedure, and designated with accession 
number PTA-5563), or actA~inlB~uvrAB". In some embodi- 
ments, the attenuated Listeria bacterium (e.g., a Listeria 
monocytogenes bacterium) is an AactAAinlB double dele- 
tion mutant. 

[0298] Bacterial mutations can be achieved through tradi- 
tional mutagenic methods, such as mutagenic chemicals or 
radiation followed by selection of mutants. Bacterial muta- 
tions can also be achieved by one of skill in the art through 
recombinant DNA technology. For instance, the method of 
allelic exchange using the pKS V7 vector described in Cam- 
illi et al, Molecular Micro. 8:143-157 (1993) and described 
above with respect to the introduction of heterologous 
expression cassettes in bacterial genomes is suitable for use 
in generating mutants including deletion mutants. (Camilli 
et al. (1993) is incorporated by reference herein in its 
entirety.) One exemplary example of the production of a 
Listeria monocytogenes internalin B mutant using the 
pKSV7 vector is provided in Example 24, below. Alterna- 
tively, the gene replacement protocol described in Biswas et 
al.,7. Bacteriol. 175:3628-3635 (1993), can be used. Other 
similar methods are known to those of ordinary skill in the 
art. 

[0299] The construction of a variety of bacterial mutants is 
described in U.S. patent application Ser. No. 10/883,599, 
U.S. patent Publication No. 2004/0197343, and U.S. patent 
Publication No. 2004/0228877, each of which is incorpo- 
rated by reference herein in its entirety. 

[0300] In some embodiments of the invention, the bacte- 
rium that comprises the recombinant nucleic acid molecule, 
expression cassette and/or expression vector is a mutant 
strain of Bacillus anthracis. In some embodiments, the 
bacterium is the Sterne strain. In some embodiments, the 
bacterium is the Ames strain. In some embodiments, the 
Bacillus anthracis bacterium is a uvrAB mutant. In some 
embodiments, the Bacillus anthracis strain is a uvrC mutant. 
In some embodiments, the Bacillus anthracis mutant is a 
rccA mutant. In some embodiments, the bacterium is a 
JuvrAB mutant of the Bacillus anthracis (e.g., the Bacillus 
anthracis Sterne AuvrAB mutant deposited with the Ameri- 
can Type Culture Collection (AICC), 108011 University 
Blvd., Manassas, Va. 20110-2209, United States of America, 
on Feb. 20, 2004, under the provisions of the Budapest 
Treaty on the International Recognition of the Deposit of 
Microorganisms for the Purposes of Patent Procedure, and 
designated with accession number PTA-5825). 
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[0301] Methods of altering the genome of Bacillus anthra- 
cis are known to those skilled in the art. One method of 
generating mutations in Bacillus anlhracis is by allelic 
exchange using an allelic exchange vector known to those in 
the art. An exemplary allelic exchange plasmid is pKSV7 
described in Camilli et al., Molecular Microbiology, 8:143- 
147 (1993). As a first step in generating a mutant Bacillus 
anlhracis, the region of the genome to be deleted or other- 
wise mutated and approximately 1000 bps both upstream 
and downstream of the B. anlhracis genome is PCR-ampli- 
fied and then cloned into the pKSV7 plasmid vector (or an 
analogous vector). (A Bacillus genera-specific or B. anthra- 
C7.v-specific temperature (ts) replicon may be substituted for 
the Listeria ts replicon present in the pKSV7 allelic 
exchange plasmid vector.) Restriction endonuclease recog- 
nition sites in the region to be deleted or mutated may be 
used to delete the desired portion of the targeted gene in the 
region. Alternatively, a portion of the targeted gene within 
the region may be removed and replaced with sequences 
containing the desired mutation or other alteration. The 
region of the B. anlhracis genome that is amplified can be 
altered, for instance, using restriction enzymes or a combi- 
nation of restriction enzymes and synthetic gene sequences, 
before or after cloning into the allelic exchange plasmid. In 
some embodiments, the sequence may be altered as a PCR 
amplicon and then cloned into pKSV7. In alternative 
embodiments, the amplicon is first inserted into another 
plasmid first and then altered, excised, and inserted into 
pKS V7. Alternatively, the PCR amplicon is inserted directly 
into the pKSV7 plasmid and then altered, for instance, using 
convenient restriction enzymes. The pKSV7 plasmid con- 
taining (he altered sequence is then introduced into B. 
anlhracis. This can be done via clcctroporation. The bacteria 
are then selected on media at a permissive temperature in the 
presence of chloramphenicol. This is followed by selection 
for single cross-over integration into the bacterial chromo- 
some by passaging for multiple generations at a non-per- 
missive temperature in the presence of chloramphenicol. 
Lastly, colonies are passaged for multiple generations at the 
permissive temperature in media not containing the antibi- 
otic to achieve plasmid excision and curing (double cross- 
over). The U.S. Provisional Application Ser. Nos. 60/584, 
886, and 60/599,522, and U.S. patent Publication No. 2004/ 
0197343, incorporated by reference herein in their entirety, 
provide additional description regarding the construction of 
different types of Hacillus anlhracis mutants. 

[0302] In some embodiments of the invention, the bacte- 
rium that comprises the recombinant nucleic acid molecule, 
expression cassette, and/or expression vector is a bacterium 
that has been modified so that the bacterium is attenuated for 
proliferation (relative to the non-modified bacterium). Pref- 
erably, the modified bacterium maintains a sufficient level of 
gene expression despite the modification. For instance, in 
some embodiments the gene expression level is substantially 
unaffected by the modification so that an antigen is 
expressed at a level suGGcicnt to stimulate an immune 
response to the antigen upon administration of the bacterium 
expressing the antigen to a host. In some embodiments, the 
nucleic acid of the bacterium has been modified by reaction 
with a nucleic acid targeting compound. In some embodi- 
ments, the nucleic acid of the modified bacterium has been 
modified by reaction with a nucleic acid targeting compound 
that reacts directly with the nucleic acid so that proliferation 
of the bacterium is attenuated. In some embodiments, the 



nucleic-acid targeting compound is a nucleic acid alkylalor, 
such as p-alanine, N-(acridin-9-yl), 2-[bis(2-chloroethy- 
l)amino]elhyl ester. In some embodiments, the nucleic acid 
targeting compound is activated by irradiation, such as UVA 
irradiation. In some embodiments, the bacterium has been 
treated with a psoralen compound. For instance, in some 
embodiments, the bacterium has been modified by treatment 
with a psoralen, such as 4'-(4-amino-2-oxa)bulyl-4,5',8- 
trimethylpsoralen ("S-59"), and UVA light. In some embodi- 
ments, the nucleic acid of the bacterium has been modified 
by treatment with a psoralen compound and UVA irradia- 
tion. Descriptions of methods of modifying bacteria to 
attenuate them for proliferation using nucleic acid targeting 
compounds are described in each of the following U.S. 
patent applications or publications, each of which is incor- 
porated by reference herein in its entirety: 60/446,051 (filed 
Feb. 6, 2003), 60/449,153 (filed Feb. 21, 2003), 60/490,089 
(filed Jul. 24, 2003), 60/511,869 (filed Oct. 15, 2003), 
60/541,515 (filed Feb. 2, 2004), 10/883,599 (filed Jun. 30, 
2004), and US 2004/0197343. Modified bacteria and their 
uses are also described in International Application No. 
PCT/US2004/23881, filed Jul. 23, 2004, incorporated by 
reference herein in its entirety. 

[0303] For example, for treatment of AactAAuvrAB 
monocytogenes, in some embodiments, S-59 psoralen can be 
added to 200 nM in a log-phase culture of (approximately) 
OD 600 =0.5, followed by inactivation with 6 J/m 2 of UVA 
light when the culture reaches an optical density of one. 
Inactivation conditions are optimized by varying concentra- 
tions of S-59, UVA dose, the time of S-59 exposure prior to 
UVA treatment as well as varying the time of treatment 
during bacterial growth of the Listeria actA/uvrAB strain. 
The parental Listeria strain is used as a control. Inactivation 
of Listeria (log-kill) is determined by the inability of the 
bacteria to form colonics on BHI (Brain heart infusion) agar 
plates. In addition, one can confirm the expression of a 
heterologous protein and virulence factors, such as LLO and 
p6(), of the S-59[UVA inactivated Listeria using 35 S-pulse- 
chase experiments to determine the synthesis and secretion 
of newly expressed proteins post S-59/UVA inactivation. 
Expression of LLO and p60 using 35 S-metabolic labeling 
can be routinely determined. S-59/UVA inactivated Listeria 
actA/uvrAB can be incubated for 1 hour in the presence of 
35 S-Methionine. Antigen expression and secretion of the 
heterologous protein, endogenous LLO, and p60 can be 
determined of both whole cell lysates, and TCA precipitation 
of bacterial culture fluids. LLC)-, p60- and heterologous 
protein-specific monoclonal antibodies can be used for 
immunoprccipitation to verify the continued expression and 
secretion from recombinant Listeria post inactivation. 

[0304] In some embodiments, the bacteria attenuated for 
proliferation are also attenuated for nucleic acid repair 
and/or are defective with respect to al least one DNA repair 
enzyme. For instance, in some embodiments, the bacterium 
in which nucleic acid has been modified by a nucleic acid 
targeting compound such as a psoralen (combined with UVA 
treatment) is a uvrAB deletion mutant. 

[0305] In some embodiments, the proliferation of the 
bacteria is attenuated by at least about 0.3 tog, also at least 
about 1 log, about 2 log, about 3 log, about 4 log, about 6 
log, or at least about 8 log. In another embodiment, the 
proliferation of the bacteria is attenuated by about 0.3 to >10 
log, about 2 to >10 log, about 4 to >10 log, about 6 to > 10 
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log, about 0.3-8 log, about 0.3-6 log, about 0.3-5 log, about 
1-5 log, or about 2-5 log. In some embodiments, the expres- 
sion of an antigen by the bacteria are at least about 10%, 
about 25%, about 50%, about 75%, or at least about 90% of 
the expression of the antigen by bacteria in which the 
bacterial nucleic acid is not modified. 

[0306] In some embodiments, the nucleic acid of the 
bacterium has not been modified by reaction with a nucleic 
acid targeting compound. In some embodiments, the recom- 
binant bacterium has not been attenuated for proliferation. In 
some embodiments, the recombinant bacterium is not 
attenuated in its ability for nucleic acid repair. In some 
embodiments, the recombinant bacterium is not deficient 
with respect to at least one DNA repair enzyme. 

[0307] In some embodiments, the signal peptide encoded 
by first polynucleotide in the recombinant nucleic acid 
molecule, expression cassette, and/or expression vector con- 
tained within the recombinant bacterium is native to the 
recombinant bacterium. In some embodiments, the poly- 
nucleotide encoding the signal peptide that is native to the 
recombinant bacterium has been codon-optimized for 
expression in the recombinant bacterium. In some embodi- 
ments, the polynucleotide has been fully codon-optimized. 
In some embodiments, the signal peptide encoded by the 
first polynucleotide of the recombinant nucleic acid mol- 
ecule, expression cassette, and/or expression vector con- 
tained within the recombinant bacterium is foreign to the 
host recombinant bacterium. In some embodiments, the 
polynucleotide encoding the signal peptide that is foreign to 
the host recombinant bacterium has been codon-optimized 
for expression in the recombinant bacterium. 

[0308] In some embodiments, the second polynucleotide 
in the recombinant nucleic acid molecule, expression cas- 
sette, and/or expression vector within the recombinant bac- 
terium has been codon-optimized for expression in the 
recombinant bacterium. In some embodiments, the second 
polynucleotide has been fully codon-optimized for expres- 
sion in the recombinant bacterium. In some embodiments, 
both the first and second polynucleotides within the recom- 
binant bacterium have been codon-optimized for expression 
in the recombinant bacterium. In some embodiments, both 
the first and second polynucleotides within the recombinant 
bacterium have been fully codon-optimized for expression 
in the recombinant bacterium. 

[0309] In one aspect, the invention provides a bacterium 
comprising an expression cassette, wherein the expression 
cassette comprises (a) a first polynucleotide encoding a 
signal peptide, wherein the first polynucleotide is codon- 
optimized for expression in the bacterium; (b) a second 
polynucleotide encoding a polypeptide, wherein the second 
polynucleotide is in the same translational reading frame as 
the first polynucleotide; and (c) a promoter operably linked 
to the first and second polynucleotides, wherein the expres- 
sion cassette encodes a fusion protein comprising the signal 
peptide and the polypeptide. As described herein, e.g., in 
Section III, in some embodiments, the signal peptide that is 
encoded is a derived from bacteria. In some embodiments, 
the bacterial signal peptide encoded by the expression 
cassette is derived from the bacteria of the same genus 
and/or species as the bacterium comprising the expression 
cassette. In some embodiments, the signal peptide is native 
to the host recombinant bacterium. In other embodiments, 



the bacterial signal peptide encoded by the expression 
cassette is derived from bacteria of a different genus and/or 
species as the bacterium comprising the expression cassette. 
In some embodiments, the signal peptide is foreign to the 
host recombinant bacterium. In some embodiments the 
signal peptide is a secAl, secA2, or a Tat signal peptide. In 
some embodiments the polypeptide encoded by the second 
polynucleotide is heterologous (i.e., foreign) to the bacte- 
rium. 

[0310] In another aspect, the invention provides a bacte- 
rium comprising a recombinant nucleic acid molecule, com- 
prising (a) a first polynucleotide encoding a signal peptide 
native to the bacterium, wherein the first polynucleotide is 
codon-optimized for expression in the bacterium, and (b) a 
second polynucleotide encoding a polypeptide, wherein the 
second polynucleotide is in the same translational reading 
frame as the first polynucleotide, wherein the recombinant 
nucleic acid molecule encodes a fusion protein comprising 
the signal peptide and the polypeptide. In some embodi- 
ments, the bacterium is an intracellular bacterium. In some 
embodiments, the recombinant nucleic acid molecule is part 
of an expression cassette that further comprises a promoter 
operably linked to both the first and second polynucleotides. 
In some embodiments, the bacterium is selected from the 
group consisting of Listeria, Bacillus, Yersinia pestis. Sal- 
monella, Shigella, Brucella, mycobacteria and E. coli. In 
some embodiments, the bacterium is Listeria (e.g., Listeria 
monocytogenes). 

[0311] In another aspect, the invention provides a recom- 
binant Listeria bacterium (e.g., Listeria monocytogenes) 
comprising a recombinant nucleic acid molecule, wherein 
the recombinant nucleic acid molecule comprises (a) a first 
polynucleotide encoding a signal peptide, wherein the first 
polynucleotide is codon-optimized for expression in the 
Listeria bacterium, and (b) a second polynucleotide encod- 
ing a polypeptide, wherein the second polynucleotide is in 
the same translational reading frame as the first polynucle- 
otide, wherein the recombinant nucleic acid molecule 
encodes a fusion protein comprising the signal peptide and 
the polypeptide. In some embodiments,, the recombinant 
nucleic acid molecule Is part of an expression cassette that 
further comprises a promoter operably linked to both the 
first and second polynucleotides. In some embodiments, the 
second polynucleotide is codon-optimized for expression in 
the Listeria bacterium. In some embodiments, the polypep- 
tide encoded by the second polynucleotide is foreign to the 
Listeria bacterium (i.e., heterologous to the Listeria bacte- 
rium). In some embodiments, the Listeria bacterium is 
attenuated. For instance, the Listeria may be attenuated for 
ccll-to-ccll spread, entry into non-phagocytic cells, or pro- 
liferation. In some embodiments, the recombinant Listeria 
bacterium is deficient with respect to Act A, Internal in B, or 
both Act A and Internalin B (e.g., an AactAAinlB double 
deletion mutant). In some embodiments, the nucleic acid of 
the recombinant bacterium has been modified by reaction 
with a nucleic acid targeting compound (e.g., a psoralen 
compound). 

[0312] In another aspect, the invention provides a bacte- 
rium comprising a recombinant nucleic acid molecule, 
wherein the recombinant nucleic acid molecule comprises a 
first polynucleotide encoding a non-secAl bacterial signal 
peptide, and a second polynucleotide encoding a polypep- 
tide (e.g., an antigen), wherein the second polynucleotide is 
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in the same translational reading frame as the first poly- 
nucleotide, and wherein the recombinant nucleic acid mol- 
ecule encodes a fusion protein comprising the signal peptide 
and the polypeptide. In some embodiments, the polypeptide 
encoded by the second polynucleotide is heterologous to the 
signal peptide. In some embodiments, the recombinant 
nucleic acid molecule is part of an expression cassette that 
further comprises a promoter operably linked to both the 
first and second polynucleotides. In some embodiments, the 
bacterium is a bacterium selected from the group consisting 
of Listeria, Bacillus, Yersinia pestis, Salmonella, Shigella, 
Brucella, mycobacteria or£. coli. In some embodiments, the 
polypeptide encoded by the second polynucleotide is foreign 
to the bacterium (i;e., heterologous to the bacterium). 

[0313] In another aspect, the invention provides a bacte- 
rium comprising an expression cassette, wherein the expres- 
sion cassette comprises (a) a first polynucleotide encoding a 
non-secAl bacterial signal peptide; (b) a second polynucle- 
otide encoding a polypeptide (e.g., a polypeptide heterolo- 
gous to the bacterium) in the same translational reading 
frame as the first polynucleotide; and (c) a promoter oper- 
ably linked to the first and second polynucleotides, wherein 
the expression cassette encodes a fusion protein comprising 
the signal peptide and the polypeptide. As described herein, 
e.g., in Section III, above, in some embodiments, the non- 
secAl bacterial signal peptide is a secA2 signal peptide. In 
some other embodiments, the non-secAl bacterial signal 
peptide is a Tat signal peptide. In some embodiments, the 
bacterial signal peptide encoded by the expression cassette 
is derived from the bacteria of the same genus and/or species 
as the bacterium comprising the expression cassette. In other 
embodiments, the bacterial signal peptide encoded by the 
expression cassette is derived from bacteria of a di lie rent 
genus and/or species as the bacterium comprising the 
expression cassette. 

[0314] In another aspect, the invention provides a recom- 
binant Listeria bacterium comprising a recombinant nucleic 
acid molecule, wherein the recombinant nucleic acid mol- 
ecule comprises (a) a first polynucleotide encoding a non- 
sccAl bacterial signal peptide, and (b) a second polynucle- 
otide encoding a polypeptide, wherein the second 
polynucleotide is in the same translational reading frame as 
the first polynucleotide, wherein the recombinant nucleic 
acid molecule encodes a fusion protein comprising the 
signal peptide and the polypeptide. In some embodiments, 
the recombinant nucleic acid molecule is part of an expres- 
sion cassette that further comprises a promoter operably 
linked to both the first and second polynucleotides. In some 
embodiments, the Listeria bacterium is attenuated. In some 
embodiments, the Listeria bacterium is a Listeria monocy- 
togenes bacterium. For instance, the Listeria may be attenu- 
ated for cell-to-cell spread, entry into non-phagocytic cells, 
or proliferation. In some embodiments, the recombinant 
Listeria bacterium is deficient with respect to Act A, Intcr- 
nalin B, or both Act A and Internalin B (e.g., an AactAAinlB 
double deletion mutant). In some embodiments, the nucleic 
acid of the recombinant bacterium has been modified by 
reaction with a nucleic acid targeting compound (e.g., a 
psoralen compound). 

[0315] In an another aspect, the invention provides a 
recombinant Listeria bacterium comprising a recombinant 
nucleic acid molecule, wherein the recombinant nucleic acid 
molecule comprises a polynucleotide encoding a polypep- 



tide foreign to the Listeria bacterium, wherein the poly- 
nucleotide is codon-optimized for expression in Listeria. 

[0316] In an additional aspect, the invention provides a 
recombinant Listeria bacterium comprising an expression 
cassette, wherein the expression cassette comprises the 
following: (a) a polynucleotide encoding a polypeptide 
foreign to the Listeria bacterium, wherein the polynucle- 
otide is codon-optimized for expression in Listeria; and (b) 
a promoter, operably linked to the polynucleotide encoding 
the foreign polypeptide. Again, in some embodiments, the 
Listeria is Listeria monocytogenes. In other embodiments 
the Listeria bacterium belongs to the Listeria ivanovii, 
Listeria seeligeri, or Listeria innocua species. In some 
embodiments, the Listeria bacterium is an attenuated strain 
of Listeria bacterium as described above. 

[0317] In a further aspect, the invention provides a recom- 
binant Listeria bacterium (e.g., Listeria monocytogenes) 
comprising a recombinant nucleic acid molecule, wherein 
the recombinant nucleic acid molecule comprises (a) a first 
polynucleotide encoding a non-Listerial signal peptide; and 
(b) a second polynucleotide encoding a polypeptide that is in 
the same translational reading frame as the first polynucle- 
otide, wherein the recombinant nucleic acid molecule 
encodes a fusion protein comprising both the non-Listerial 
signal peptide and the polypeptide. In some embodiments, 
the Listeria bacterium is attenuated. For instance, the List- 
eria may be attenuated for cell-to-cell spread, entry into 
non-phagocytic cells, or proliferation. In some embodi- 
ments, the recombinant Listeria bacterium is deficient witli 
respect to ActA, Internalin B, or both Act A and Internalin 
B (e.g., an AactAAinlB double deletion mutant). In some 
embodiments, the nucleic acid of the recombinant bacterium 
has been modified by reaction with a nucleic acid targeting 
compound (e.g., a psoralen compound). 

[0318] In still another aspect, the invention provides a 
recombinant Listeria bacterium (for instance, from the spe- 
cies Listeria monocytogenes) comprising an expression cas- 
sette which comprises a first polynucleotide encoding a 
non- Listeria I signal peptide, a second polynucleotide encod- 
ing a polypeptide (e.g., a non-Listerial polypeptide) that is in 
the same translational reading frame as the first polynucle- 
otide, and a promoter operably linked to both the first and 
second polynucleotides. The expression cassette encodes a 
fusion protein comprising both the non-Listerial signal pep- 
tide and the polypeptide. In some embodiments, the Listeria 
bacterium is attenuated for cell-to-cell spread, entry into 
non-phagocytic cells, or proliferation. In some embodi- 
ments, the Listeria bacterium is deficient with respect to 
ActA, Internalin B, or both ActA and Internalin B. In some 
embodiments, the nucleic acid of the recombinant bacterium 
has been modified by reaction with a nucleic acid targeting 
compound (e.g., a psoralen compound). In some embodi- 
ments, the first polynucleotide, the second polynucleotide, 
or both the first and second polynucleotides are codon- 
optimized for expression in Listeria. In some embodiments, 
the first polynucleotide and/or second polynucleotide is 
codon-optimized for expression in Listeria monocytogenes. 
In some embodiments, the polypeptide encoded by the 
second polynucleotide is an antigen, which, in some 
instances, may be a non-bacterial antigen. For instance, the 
polypeptide is, in some embodiments a tumor-associated 
antigen or is derived from such a tumor-associated antigen. 
For instance, in some embodiments, the polypeptide is 
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K-Ras, II-Ras, N-Ras, 12-K-Ras, mesothelin, PSCA, NY- 
ESO-1, WT-1, survivin, gplOO, PAP, proteinase 3, SPAS-I, 
SP-17, PAGE-4, TARP, or CEA, or is derived from K-Ras, 
H-Ras, N-Ras, 12-K-Ras, mesothelin, PSCA, NY-ESO-1, 
WT-1, survivin, gplOO, PAP, proteinase 3, SPAS-1, SP-17, 
PAGE-4, TARP, or CEA. For instance, in some embodi- 
ments, the polypeptide is mesothelin, or is a fragment or 
variant of mesothelin. In some other embodiments, the 
polypeptide is NY-ESO-1, or a fragment or variant of 
mesothelin. In some embodiments, the antigen is an infec- 
tious disease antigen or is derived from an infectious disease 
antigen. In preferred embodiments, the signal peptide is 
bacterial. In some embodiments, the signal peptide is from 
a bacterium belonging to the genus Bacillus, Staphylococ- 
cus, or Lactococcus. For instance, in some embodiments, the 
signal peptide is from Bacillus anthracis, Bacillus subtilis, 
Staphylococcus aureus, or Lactococcus lactis. In some 
embodiments, the signal peptide is a secAl signal peptide, 
such as a Usp45 signal peptide from Lactococcus lactis or a 
Protective Antigen signal peptide from Bacillus anthracis. In 
some embodiments, the signal peptide is a secA2 signal 
peptide. In still further embodiments, the signal peptide is a 
Tat signal peptide, such as a B. subtilis Tat signal peptide 
(e.g., PhoD). 

[0319] The invention further provides a recombinant bac- 
terium comprising a recombinant nucleic acid molecule, 
wherein the recombinant nucleic acid molecule comprises: 
(a) a first polynucleotide encoding a bacterial autolysin, or 
a catalytically active fragment or catalylically active variant 
thereof; and (b) a second polynucleotide encoding a 
polypeptide, wherein the second polynucleotide is in the 
same translational reading frame as the first polynucleotide, 
wherein the recombinant nucleic acid molecule encodes a 
protein chimera comprising the polypeptide encoded by the 
second polynucleotide and the autolysin, or catalytically 
active fragment or catalytically active variant thereof, 
wherein, in the protein chimera, the polypeptide is fused to 
the autolysin, or catalytically active fragment or catalylically 
active variant thereof, or is positioned within the autolysin, 
or catalytically active fragment or catalytically active variant 
thereof. In some embodiments, the recombinant bacterium is 
an intracellular bacterium, such as a Listeria bacterium (e.g., 
Listeria monocytogenes). In some embodiments, the 
polypeptide encoded by the second polynucleotide is foreign 
to the recombinant bacterium. 

[0320] In yet another aspect, the invention provides a 
recombinant Listeria bacterium comprising a polycistronic 
expression cassette, wherein the polycistronic expression 
cassette encodes at least two discrete non-Listerial polypep- 
tides. For instance, in some embodiments, the expression 
cassette comprises a first polynucleotide encoding the first 
non-Listerial polypeptide, a second polynculeotide encoding 
the second non-Listerial polypeptide, and a promoter oper- 
ably linked to the first and second polynucleotides. In some 
embodiments, the recombinant Listeria bacterium belongs 
to the species Listeria monocytogenes. In some embodi- 
ments, the first and/or second non-Listerial polypeptides 
comprise antigens (or fragments thereof). 

[0321] In some embodiments, the invention provides a 
recombinant bacterium (e.g., Listeria) comprising an 
expression cassette comprising the following: (a) a first 
polynucleotide encoding a first signal peptide; (b) a second 
polynucleotide encoding a first polypeptide, wherein the 



second polynucleotide is in the same translational reading 
frame as the first polynucleotide; (c) an intergenic sequence; 

(d) a third polynucleotide encoding a second signal peptide; 

(e) a fourth polynucleotide encoding a second polypeptide, 
wherein the fourth polynucleotide is in the same transla- 
tional reading frame as the third polynucleotide; and (f) a 
promoter operably linked to the first polynucleotide, second 
polynucleotide, third polynucleotide, fourth polynucleotide, 
and intergenic sequence, such that the expression cassette 
encodes both a first fusion protein comprising the first signal 
peptide and the first polypeptide and a second fusion protein 
comprising the second signal peptide and second polypep- 
tide. In some embodiments, the one or more of the poly- 
nucleotides encoding a signal peptide is codon-optimized for 
expression in the bacterium. In some embodiments, the third 
and/or fourth polynucleotides are codon-optimized for 
expression in the bacterium. In some embodiments, the first 
and/or second polypeptides are heterologous to the recom- 
binant bacterium (e.g., heterologous antigens). In some 
embodiments, the first and/or second signal peptide is a 
non-secAl bacterial signal peptide. The first and/or second 
signal peptide may be native or foreign to the recombinant 
bacterium. In some embodiments, the recombinant bacte- 
rium is a Listeria bacterium and the first and/or second 
signal peptide is non-Listerial. In some embodiments, the 
intergenic sequence is the Listeria monocytogenes actA- 
pIcB intergenic sequence. In some embodiments, the bacte- 
rium is Listeria monocytogenes. 

[0322] In other aspects, the invention provides a bacterium 
comprising a recombinant nucleic acid molecule, compris- 
ing (a) a first polynucleotide encoding a signal peptide, (b) 
a second polynucleotide encoding a secreted protein, or a 
fragment thereof, wherein the second polynucleotide is in 
the same translational reading frame as the first polynucle- 
otide, and (c) a third polynucleotide encoding a polypeptide 
heterologous to the secreted protein, or fragment thereof, 
wherein the third polynucleotide is in the same translational 
reading frame as the first and second polynucleotides, and 
wherein the recombinant nucleic acid molecule encodes a 
protein chimera comprising the signal peptide, the polypep- 
tide encoded by the second polynucleotide, and the secreted 
protein, or fragment thereof, and wherein the polypeptide is 
fused to the secreted protein, or fragment thereof, or is 
positioned within the secreted protein, or fragment thereof, 
in the protein chimera. In some embodiments, the bacterium 
is a Listeria bacterium. In some embodiments, where the 
bacterium is a Listeria bacterium, the polypeptide encoded 
by the third polynucleotide is foreign to the Listeria. In some 
embodiments, the bacterium is Listeria monocytogenes. 

[0323] In some embodiments (for instance, in some 
embodiments of each of the aforementioned aspects), the 
expression cassette contained within the bacterium is inte- 
grated into the genome of the bacterium. In other embodi- 
ments, the expression cassette contained within the bacte- 
rium is on a plasmid within the bacterium. 

[0324] Generally, the promoter that is used in the expres- 
sion cassette will be an expression cassette that is suitable 
for efiecling heterologous expression with the particular 
bacterial host chosen. One of ordinary skill in the art can 
readily discern which promoters arc suitable for use in 
which bacteria. In some embodiments, the promoter is a 
bacterial promoter. In additional embodiments, the promoter 
on the expression cassette in the bacterium is a promoter 
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from bacteria belonging lo the same genus as the bacterium 
which contains the expression cassette. In other embodi- 
ments, the promoter on the expression cassette in the bac- 
terium is a promoter from bacteria belonging to the same 
species as the bacterium which contains the expression 
cassette. For instance, if the bacterium which contains the 
expression cassette belongs to the species Listeria monocy- 
togenes, then the promoter that is used on the expression 
cassette is optionally derived from a Listerial gene such as 
hly. In other embodiments, the promoter is a constitutive 
promoter (e.g., a p60 promoter) or is prfA-dependent pro- 
moter (e.g. an actA promoter). Again, as described above, 
the promoter of the expression cassette is, in some embodi- 
ments, a constitutive promoter. In other embodiments, the 
promoter of the expression cassette is an inducible promoter, 
as also described above. 

[0325] In some embodiments (for instance, in some 
embodiments of each of the aforementioned aspects), the 
polypeptides or fusion proteins comprising the polypeptides 
that are encoded by the expression cassettes in the bacteria 
arc antigens or other proteins of therapeutic value, as 
described, for instance, above in Section IV. In some 
embodiments, the polypeptide or a protein comprising the 
polypeptide is secreted from the bacterium. In some embodi- 
ments the polypeptide that is expressed and/or secreted from 
the bacterium is heterologous to the bacterium. 

[0326] In some embodiments, therefore, the invention 
provides recombinant Listeria comprising an expression 
cassette, wherein the expression cassette comprises (a) a first 
polynucleotide encoding a bacterial (either Listerial or non- 
Listerial) signal peptide, wherein the first polynucleotide is 
codon -optimized for expression in Listeria; (b) a second 
polynucleotide encoding a non-Listerial antigen, wherein 
the second polynucleotide is in the same translational read- 
ing frame as the first polynucleotide; and (c) a promoter 
opcrably linked to the first and second polynucleotides, 
wherein the expression cassette encodes a fusion protein 
comprising the signal peptide and the antigen. In further 
embodiments, the Listeria is a strain of Listeria monocyto- 
genes, such as an actA"inlB" strain. In some embodiments, 
the expression cassette has been integrated into the genome 
of the recombinant Listeria. In some embodiments, the 
second polynucleotide is codon-optimized for expression in 
Listeria. 

[0327] The invention also provides Listeria comprising an 
expression cassette, wherein the expression cassette com- 
prises (a) a first polynucleotide encoding a secA2 or Tat 
bacterial signal peptide; (b) a second polynucleotide encod- 
ing an antigen in the same traaslalional reading frame as the 
first polynucleotide; and (c) a promoter operably linked to 
the first and second polynucleotides, wherein the expression 
cassette encodes a fusion protein comprising the signal 
peptide and the antigen. In some embodiments, the bacterial 
signal peptide is Listerial. In other embodiments, the bac- 
terial signal peptide is non-Listerial. In further embodi- 
ments, the Listeria is a strain of Listeria monocytogenes, 
such as an actA"inlB" strain. In some embodiments, the 
expression cassette has been integrated into the genome of 
the recombinant Listeria. In some embodiments, either the 
polynucleotide encoding the signal peptide (even if the 
signal peptide is a Listerial signal peptide) and/or the 
polynucleotide encoding the antigen is codon-optimized for 
expression in Listeria. 



[0328] In further embodiments, the invention provides 
recombinant Listeria comprising an expression cassette, 
where the expression cassette comprises the following: (a) a 
polynucleotide encoding a non-Listerial antigen, wherein 
the polynucleotide is codon-optimized for expression in 
Listeria; and (b) a promoter, operably linked to the poly- 
nucleotide encoding the foreign polypeptide. In some 
embodiments, the expression cassette further comprises a 
polynucleotide encoding a bacterial signal peptide, which is 
also codon-optimized for expression in Listeria. In one 
embodiment, the bacterial signal peptide is Listerial. In 
another embodiment, the bacterial signal peptide is non- 
Listerial. In some embodiments the bacterial signal peptide 
is a secAl signal peptide, a secA2 signal peptide, or a Tat 
signal peptide. In further embodiments, the Listeria is a 
strain of Listeria monocytogenes, such as an actA'inlB" 
strain. In some embodiments, the expression cassette has 
been integrated into the genome of the recombinant Listeria. 

[0329] In still another embodiment, the invention provides 
a recombinant Listeria bacterium, comprising (a) a first 
polynucleotide encoding a bacterial (cither Listerial or non- 
Listerial) signal peptide, wherein the first polynucleotide is 
codon-optimized for expression in Listeria; (b) a second 
polynucleotide encoding an non-Listerial antigen, wherein 
the second polynucleotide is also codon-optimized for 
expression in Listeria and is in the same translational 
reading frame as the first polynucleotide; and (c) a promoter 
operably linked to the first and second polynucleotides, 
wherein the expression cassette encodes a fusion protein 
comprising the signal peptide and the antigen. In some 
embodiments, the Listeria bacterium belongs to the species 
Listeria monocytogenes. In some embodiments, the Listeria 
bacterium is an actA~inlB~ mutant strain of Listeria mono- 
cytogenes. 

[0330] The present invention further provides bacteria 
such as Listeria comprising more than one expression cas- 
sette described herein. In particular compositions, the 
molecular mass of a given protein can inhibit its expression 
from recombinant bacteria, such as recombinant Listeria. 
One approach to address this problem is to molccularly 
"divide" the gene encoding a protein of interest and fuse 
each division functionally to a sequence that will program its 
secretion from the bacterium (e.g., secAl, secA2, or Tat 
elements). One approach is to individually derive recombi- 
nant Listeria expressing each division of the heterologous 
gene. Alternatively, the individually components of the 
molecularly divided gene (also including appropriate ele- 
ments for secretion) can be introduced into intergenic 
regions throughout the bacterial chromosome, using meth- 
ods well established in the art, for example by allelic 
exchange. Another example is to express the molecularly 
divided gene as a single polycistronic message. According to 
this composition, interspersed between the protein-encoding 
sequence of the molccularly divided gene would be the 
Shine-Dalgarno ribosome binding sequence, in order to 
re-initiate protein synthesis on the polycistronic message. 

[0331] In additional aspects, the invention provides meth- 
ods of improving expression and/or secretion of heterolo- 
gous polypeptides in recombinant bacteria such as Listeria. 
Any of the polynucleotides, expression cassettes and/or 
expression vectors described herein may be used in these 
methods. For instance, the invention provides a method of 
improving expression and/or secretion of a heterologous 
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polypeptide fused to a signal peptide in Listeria, comprising 
codon-optimizing either the polypeptide-encoding sequence 
on the expression cassette, the signal pep tide-encoding 
sequence of the expression cassette, or both. The invention 
also provides a method of improving expression and/or 
secretion of a heterologous polypeptide fused to a signal 
peptide in Listeria, comprising using a signal peptide from 
a non-Listerial source and/or from a secretory pathway other 
than secAl. 

[0332] The invention also provides a method of producing 
a recombinant bacterium (e.g. a recombinant Listeria bac- 
terium) comprising introducing a recombinant nucleic acid 
molecule, expression cassette, and/or expression vector 
described herein into a bacterium to produce the recombi- 
nant bacterium. For instance, in some embodiments, a 
recombinant nucleic acid molecule comprising (a) a first 
polynucleotide encoding a signal peptide native to a bacte- 
rium, wherein the first polynucleotide is codon-optimized 
for expression in the bacterium, and (b) a second polynucle- 
otide encoding a polypeptide, wherein the second polynucle- 
otide is in the same translational reading frame as the first 
polynucleotide, wherein the recombinant nucleic acid mol- 
ecule encodes a fusion protein comprising the signal peptide 
and the polypeptide, is introduced into a bacterium to 
produce the recombinant bacterium. In some embodiments, 
a recombinant nucleic acid molecule, comprising (a) a first 
polynucleotide encoding a non-secAl bacterial signal pep- 
tide, and (b) a second polynucleotide encoding a polypep- 
tide, wherein the second polynucleotide is in the same 
translational reading frame as the first polynucleotide, and 
wherein the recombinant nucleic acid molecule encodes a 
fusion protein comprising the signal peptide and the 
polypeptide, is introduced into a bacterium to produce the 
recombinant bacterium. In some embodiments, the recom- 
binant nucleic acid molecule that is introduced into a bac- 
terium to produce the recombinant bacterium is a recombi- 
nant nucleic acid molecule, wherein the recombinant nucleic 
acid molecule comprises (a) a first polynucleotide encoding 
a non-Listerial signal peptide, and (b) a second polynucle- 
otide encoding a polypeptide that is in the same translational 
reading frame as the first polynucleotide, wherein the recom- 
binant nucleic acid molecule encodes a fusion protein com- 
prising both the non-Listerial signal peptide and the 
polypeptide. The recombinant nucleic acid molecule used to 
produce the recombinant bacterium is, in some embodi- 
ments, a recombinant nucleic acid molecule, comprising (a) 
a first polynucleotide encoding a bacterial autolysin, or 
catalytically active fragment or catalytically active variant 
thereof, and (b) a second polynucleotide encoding a 
polypeptide, wherein the second polynucleotide is in the 
same translational reading frame as the first polynucleotide, 
wherein the recombinant nucleic acid molecule encodes a 
protein chimera in which the non-Listerial polypeptide is 
fused to the autolysin, or catalytically active fragment or 
catalytically active variant thereof, or is inserted within the 
autolysin, or catalytically active fragment or catalytically 
active variant thereof. In some other embodiments, a method 
of producing a recombinant Listeria bacterium is provided, 
which comprises introducing a polycistronic expression 
cassette, wherein the expression cassette encodes at least 
two discrete non-Listerial polypeptides, into a Listeria bac- 
terium to produce the recombinant Listeria bacterium. 

[0333] IX. Pharmaceutical, Immunogenic, and/or Vaccine 
Compositions 



[0334] A variety of different compositions such as phar- 
maceutical compositions, immunogenic compositions, and 
vaccines are also provided by the invention. These compo- 
sitions comprise any of the recombinant bacteria described 
herein (sec, e.g., the Summary of the Invention, Sections I 
and VIII of the Detailed Description, above, and elsewhere 
in the specification, including the Examples, below). In 
some embodiments, the compositions are isolated. 

[0335] For instance, the invention provides a pharmaceu- 
tical composition comprising the following: (i) a pharma- 
ceutically acceptable carrier; and (ii) a recombinant bacte- 
rium described herein. 

[0336] For example, the invention provides a pharmaceu- 
tical composition comprising the following (i) a pharma- 
ceutically acceptable carrier; and (ii) a recombinant bacte- 
rium comprising an expression cassette comprising a first 
polynucleotide encoding a signal peptide, wherein the first 
polynucleotide is codon-optimized for expression in a bac- 
terium, a second polynucleotide encoding a polypeptide, 
wherein the second polynucleotide is in the same transla- 
tional reading frame as the first polynucleotide, and a 
promoter operably linked to the first and second polynucle- 
otides, so that the expression cassette encodes a fusion 
protein comprising the signal peptide and the polypeptide. 

[0337] ITie invention also provides a pharmaceutical com- 
position comprising: (i) a pharmaceutical^ acceptable car- 
rier; and (ii) a recombinant bacterium comprising an expres- 
sion cassette, where the expression cassette comprises a first 
polynucleotide encoding a non-secAl bacterial signal pep- 
tide, a second polynucleotide encoding a polypeptide in the 
same translational reading frame as the first polynucleotide, 
and a promoter operably linked to the first and second 
polynucleotides, so that the expression cassette encodes a 
fusion protein comprising the signal peptide and the 
polypeptide. 

[0338] The invention further provides a pharmaceutical 
composition comprising: (i) a pharmaceutical ly acceptable 
carrier; and (ii) a recombinant Listeria bacterium comprising 
an expression cassette, wherein the expression cassette com- 
prises the following: (a) a polynucleotide encoding a 
polypeptide foreign to Listeria, wherein the polynucleotide 
is codon-optimized for expression in Listeria; and (b) a 
promoter, operably linked to the polynucleotide encoding 
the foreign polypeptide. 

[0339] The invention also provides a pharmaceutical com- 
position comprising: (i) a pharmaceutical! y acceptable car- 
rier; and (ii) a recombinant Listeria bacterium comprising an 
expression cassette which comprises:(a) a first polynucle- 
otide encoding a non-Listerial signal peptide; (b) a second 
polynucleotide encoding a polypeptide that is in the same 
translational reading frame as the first polynucleotide; and 
(c) a promoter operably linked to both the first and second 
polynucleotides, wherein the expression cassette encodes a 
fusion protein comprising both the non-Listerial signal pep- 
tide and the polypeptide. 

[0340] As used herein, "carrier" includes any and all 
solvents, dispersion media, vehicles, coatings, diluents, anti- 
fungal agents, isotonic and absorption, delaying agents, 
buffers, carrier solutions, suspensions, colloids, and the like. 
Pharmaceutical^ acceptable carriers are well known to 
those of ordinary skill in the art, and include any material 
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which, when combined with an active ingredient, allows the 
ingredient to retain biological activity and is non-reactive 
with the subject's immune system. For instance, .pharma- 
ceutically acceptable carriers include, but are not limited to, 
water, buffered saline solutions (e.g., 0.9% saline), emul- 
sions such as oil/water emulsions, and various types of 
wetting agents. Possible carriers also include, but arc not 
limited to, oils (e.g., mineral oil), dextrose solutions, glyc- 
erol solutions, chalk, starch, salts, glycerol, and gelatin. 

[0341] While any suitable carrier known to those of ordi- 
nary skill in the art may be employed in the pharmaceutical 
compositions, the type of carrier will vary depending on the 
mode of administration. Compositions of the present inven- 
tion may be formulated for any appropriate manner of 
administration, including for example, topical, oral, nasal, 
intravenous, intracranial, intraperitoneal, subcutaneous or 
intramuscular administration. In some embodiments, for 
parenteral administration, such as subcutaneous injection, 
the carrier comprises water, saline, alcohol, a fat, a wax or 
a buffer. In some embodiments, any of the above carriers or 
a solid carrier, such as mannilol, lactose, starch, magnesium 
stearate, sodium saccharine, talcum, cellulose, glucose, 
sucrose, and magnesium carbonate, arc employed for oral 
administration. 

[0342] Compositions comprising such carriers are formu- 
lated by well known conventional methods (see, for 
example, Remington's Pharmaceutical Sciences, ISlh edi- 
tion, A. Gennaro, ed., Mack Publishing Co., Easton, Pa., 
1990; and Remington, The Science and Practice of Phar- 
macy 20th Ed. Mack Publishing, 2000). 

[0343] In addition to pharmaceutical compositions, immu- 
nogenic compositions are provided. For instance, the inven- 
tion provides an immunogenic composition comprising a 
recombinant bacterium described herein (see, e.g., the 
recombinant bacteria described above in the Summary of the 
Invention, Sections I and VIII of the Detailed Description 
above, and elsewhere in the specification, including the 
Examples, below). In some embodiments, the immunogenic 
composition comprises a recombinant bacterium, wherein 
the polypeptide sequence that is part of the polypeptide 
expressed by the recombinant bacterium as a discrete pro- 
tein, as part of a fusion protein, or embedded in a protein 
chimera (depending on the recombinant nucleic acid mol- 
ecule or expression cassette used) is an antigen or comprises 
an antigen. In other words, in some embodiments, the 
immunogenic composition comprises a recombinant bacte- 
rium which comprises a recombinant nucleic acid molecule 
or expression cassette encoding a polypeptide that comprises 
an antigen. Suitable antigens include, but are not limited to, 
any of those described herein (e.g., above in Section IV). In 
some embodiments, the recombinant bacterium in the 
immunogenic composition expresses the polypeptide com- 
prising the antigen at a level sufficient to induce an immune 
response to the antigen upon administration of the compo- 
sition to a host (e.g., a mammal such as a human). In some 
embodiments, the immune response stimulated by the 
immunogenic composition is a cell-mediated immune 
response. In some embodiments, the immune response 
stimulated by the immunogenic composition is a humoral 
immune response. In some embodiments, the immune 
response stimulated by the immunogenic composition com- 
prises both a humoral and cell-mediated immune response. 



[0344] For instance, in one aspect, the invention provides 
an immunogenic composition comprising a recombinant 
bacterium, where the bacterium comprises an expression 
cassette comprising the following: (a) a first polynucleotide 
encoding a signal peptide, wherein the first polynucleotide is 
codon-optimized for expression in a bacterium; (b) a second 
polynucleotide encoding an antigen, wherein the second 
polynucleotide is in the same translational reading frame as 
the first polynucleotide; and (c) a promoter operably linked 
to the first and second polynucleotides, so that the expres- 
sion cassette encodes a fusion protein comprising the signal 
peptide and the antigen. 

[0345] In another aspect, the invention provides an immu- 
nogenic composition comprising a recombinant bacterium, 
where the bacterium comprises an expression cassette that 
comprises the following: (a) a first polynucleotide encoding 
a non-secAl bacterial signal peptide; (b) a second poly- 
nucleotide encoding an antigen in the same translational 
reading frame as the first polynucleotide; and (c) a promoter 
operably linked to the first and second polynucleotides, so 
that the expression cassette encodes a fusion protein com- 
prising the signal peptide and the antigen. 

[0346] In still another aspect, the invention provides an 
immunogenic composition comprising a recombinant List- 
eria bacterium, wherein the recombinant Listeria bacterium 
comprises an expression cassette, wherein the expression 
cassette comprises the following: (a) a polynucleotide that 
encodes a non-Listerial antigen and that is codon-optimized 
for expression in Listeria', and (b) a promoter, operably 
linked to the polynucleotide encoding the antigen. 

[0347] The invention also provides an immunogenic com- 
position comprising a recombinant Listeria bacterium com- 
prising an expression cassette which comprises: (a) a first 
polynucleotide encoding a non-Listerial signal peptide; (b) a 
second polynucleotide encoding an antigen that is in the 
same translational reading frame as the first polynucleotide; 
and (c) a promoter operably linked to both the first and 
second polynucleotides, wherein the expression cassette 
encodes a fusion protein comprising both the non-Listerial 
signal peptide and the antigen. 

[0348] In another aspect, the invention provides an immu- 
nogenic composition (or vaccine) comprising a recombinant 
bacterium comprising a recombinant nucleic acid molecule, 
wherein the recombinant nucleic acid molecule comprises 
(a) a first polynucleotide encoding a signal peptide native to 
a bacterium, wherein the first polynucleotide is codon- 
optimized for expression in the bacterium, and (b) a second 
polynucleotide encoding a polypeptide comprising an anti- 
gen, wherein the second polynucleotide is in the same 
translational reading frame as the first polynucleotide, 
wherein the recombinant nucleic acid molecule encodes a 
fusion protein comprising the signal peptide and the 
polypeptide. 

[0349] In another aspect, the invention provides an immu- 
nogenic composition (or vaccine) comprising a recombinant 
Listeria bacterium, wherein the recombinant bacterium 
comprises a recombinant nucleic acid molecule which com- 
prises (a) a first polynucleotide encoding a signal peptide, 
wherein the first polynucleotide is codon-optimized for 
expression in Listeria, and (b) a second polynucleotide 
encoding a polypeptide comprising an antigen, wherein the 
second polynucleotide is in the same translational reading 
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frame as the first polynucleotide, wherein the recombinant 
nucleic acid molecule encodes a fusion protein comprising 
the signal peptide and the polypeptide. 

[0350] In another aspect, the invention provides an immu- 
nogenic composition (or vaccine) comprising a recombinant 
bacterium comprising a recombinant nucleic acid molecule, 
wherein the recombinant nucleic acid molecule comprises a 
first polynucleotide encoding a non-secAl bacterial signal 
peptide, and a second polynucleotide encoding a polypep- 
tide comprising an antigen, wherein the second polynucle- 
otide is in the same translational reading frame as the first 
polynucleotide, and wherein the recombinant nucleic acid 
molecule encodes a fusion protein comprising the signal 
peptide and the polypeptide. 

[0351] In still another aspect, the invention provides an 
immunogenic composition (or vaccine) comprising a recom- 
binant Listeria bacterium comprising a recombinant nucleic 
acid molecule, wherein the recombinant nucleic acid mol- 
ecule comprises (a) a first polynucleotide encoding a non- 
secAl bacterial signal peptide, and (b) a second polynucle- 
otide encoding a polypeptide either heterologous to the 
signal peptide or foreign to the bacterium, wherein the 
second polynucleotide is in the same translational reading 
frame as the first polynucleotide, and wherein the recombi- 
nant nucleic acid molecule encodes a fusion protein com- 
prising the signal peptide and the polypeptide. In some 
embodiments, the polypeptide encoded by the first poly- 
nucleotide comprises an antigen. 

[0352] In another aspect, the invention provides an immu- 
nogenic composition (or vaccine) comprising a recombinant 
Listeria bacterium, wherein the recombinant Listeria bacte- 
rium comprises a recombinant nucleic acid molecule, 
wherein the recombinant nucleic acid molecule comprises a 
polynucleotide encoding a polypeptide foreign to Listeria, 
wherein the polynucleotide encoding the foreign polypep- 
tide is codon-optimized for expression in Listeria. In some 
embodiments, the foreign polypeptide comprises an antigen. 

[0353] In another aspect, the invention provides an immu- 
nogenic composition (or vaccine) comprising a recombinant 
Listeria bacterium, wherein the recombinant bacterium 
comprises a recombinant nucleic acid molecule comprising 
(a) a first polynucleotide encoding a non-Listerial signal 
peptide, and (b) a second polynucleotide encoding a 
polypeptide comprising an antigen, wherein the second 
polynucleotide is in the same translational reading frame as 
the first polynucleotide, and wherein the recombinant 
nucleic acid molecule encodes u fusion protein comprising 
both the non-Listerial signal peptide and the polypeptide. 

[0354] The invention also provides an immunogenic com- 
position (or vaccine) comprising a recombinant bacterium, 
wherein the recombinant bacterium comprises a nucleic acid 
molecule comprising (a) a first polynucleotide encoding a 
bacterial autolysin, or a catalytically active fragment or 
catalytically active variant thereof, and (b) a second poly- 
nucleotide encoding a polypeptide, wherein the second 
polynucleotide is in the same translational reading frame as 
the first polynucleotide, wherein the recombinant nucleic 
acid molecule encodes a protein chimera comprising the 
polypeptide encoded by the second polynucleotide and the 
autolysin, or catalytically active fragment or catalytically 
active variant thereof, wherein, in the protein chimera, the 
polypeptide is fused to or is positioned within the autolysin, 



or catalytically active fragment or catalytically active variant 
thereof. In some embodiments, the polypeptide encoded by 
the second polynucleotide comprises an antigen. 

[0355] In another aspect, the invention provides an immu- 
nogenic composition (or vaccine) comprising a recombinant 
Listeria bacterium, wherein the recombinant Listeria bacte- 
rium comprises a recombinant nucleic acid molecule, 
wherein the recombinant nucleic acid molecule encodes at 
least two discrete non-Listerial polypeptides, at least one of 
which comprises an antigen. 

[0356] In other aspects, the invention provides an immu- 
nogenic composition (or vaccine) comprising a recombinant 
bacterium, which comprises a recombinant nucleic acid 
molecule comprising (a) a first polynucleotide encoding a 
signal peptide, (b) a second polynucleotide encoding a 
secreted protein, or a fragment thereof, wherein the second 
polynucleotide is in the same translational reading frame as 
the first polynucleotide, and (c) a third polynucleotide 
encoding a polypeptide heterologous to the secreted protein, 
or fragment thereof, wherein the third polynucleotide is in 
the same translational reading frame as the first and second 
polynucleotides, wherein the recombinant nucleic acid mol- 
ecule encodes a protein chimera comprising the signal 
peptide, the polypeptide encoded by the third polynucle- 
otide, and the secreted protein, or fragment thereof, and 
wherein the polypeptide encoded by the third polynucleotide 
is fused to the secreted protein, or fragment thereof, or is 
positioned within the secreted protein, or fragment thereof, 
in the protein chimera. In some embodiments, the heterolo- 
gous polypeptide encoded by the third polynucleotide com- 
prises an antigen. 

[0357] It can be determined if a particular form of recom- 
binant bacteria (and/or a particular expression cassette) is 
useful in an immunogenic composition (or as a vaccine) by 
testing the ability of the recombinant bacteria to stimulate an 
immune response in vitro or in a model system. 

[0358] These immune cell responses can be measured by 
both in vitro and in vivo methods to determine if the immune 
response of a particular recombinant bacterium (and/or a 
particular expression cassette) is effective. One possibility is 
to measure the presentation of the protein or antigen of 
interest by an antigen-presenting cell that has been mixed 
with a population of the recombinant bacteria. ITie recom- 
binant bacteria may be mixed with a suitable antigen pre- 
senting cell or cell line, for example a dendritic cell, and the 
antigen presentation by the dendritic cell to a T cell that 
recognizes the protein or antigen can be measured. If the 
recombinant bacteria are expressing the protein or antigen at 
a sufficient level, it will be processed into peptide fragments 
by the dendritic cells and presented in the context of MHC 
class I or class II to T cells. For the purpose of detecting the 
presented protein or antigen, a T cell clone or T cell line 
responsive to the particular protein or antigen may be used. 
The T cell may also be a T cell hybridoma, where the Tccll 
is immortalized by fusion with a cancer cell line. Such Tcell 
hybridomas, T cell clones, or T cell lines can comprise either 
CD8+ or CD4+ T cells. The dendritic cell can present to 
either CD8+ or CD4+ T cells, depending on the pathway by 
which the antigens arc processed. CD8+ T cells recognize 
antigens in the context of MHC class I while CD4+ recog- 
nize antigens in the context of MHC class II. The T cell will 
be stimulated by the presented antigen through specific 
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recognition by its T cell receptor, resulting in the production 
of certain proteins, such as IL-2, tumor necrosis factor-a 
(TNF-(i), or interferon-y (IFN-y), that can be quantitatively 
measured (for example, using an ELISA assay, ELISPOT 
assay, or Intracellular Cytokine Staining (ICS)). These arc 
techniques that are well known in the art and that are also 
exemplified below in the Examples (see, e.g., Example 21, 
below). 

[0359] Alternatively, a hybridoma can be designed to 
include a reporter gene, such as p-galactosidase, that is 
activated upon stimulation of the T cell hybridoma by the 
presented antigens. The increase in the production of (3-ga- 
lactosidase can be readily measured by its activity on a 
substrate, such as chlorophenol red-B-galactoside, which 
results in a color change. Ilie color change can be directly 
measured as an indicator of specific antigen presentation. 

[0360] Additional in vitro and in vivo methods for assess- 
ing the antigen expression of recombinant bacteria vaccines 
of the present invention are known to those of ordinary skill 
in the art. It is also possible to directly measure the expres- 
sion of a particular heterologous antigen by recombinant 
bacteria. For example, a radioactively labeled amino acid 
can be added to a cell population and the amount of 
radioactivity incorporated into a particular protein can be 
determined. The proteins synthesized by the cell population 
can be isolated, for example by gel electrophoresis or 
capillary electrophoresis, and the amount of radioactivity 
can be quantitatively measured to assess the expression level 
of the particular protein. Alternatively, the proteins can be 
expressed without radioactivity and visualized by various 
methods, such as an ELISA assay or by gel electrophoresis 
and Western blot with detection using an enzyme linked 
antibody or fluorescently labeled antibody. 

[0361] Example 21, below, provides some specific exem- 
plary examples of how some of the techniques known to 
those of ordinary skill in the art can be used to assess 
immunogenicily. For instance, Elispol assay, Intracellular 
Cytokine Staining Assay (ICS), measurement of cytokine 
expression of stimulated spleen cells, and assessment of 
cytotoxic T cell activity in vitro and in vivo are all tech- 
niques for assessing immunogenicity known to those in the 
art. Exemplary descriptions of these techniques with model 
antigens arc provided in Example 21. Exemplary assays are 
also described in Examples 31 A and 31 E, below. 

[0362] In addition, therapeutic efficacy of the vaccine 
composition can be assessed more directly by administration 
of the immunogenic composition or vaccine to an animal 
model such as a mouse model, followed by an assessment of 
survival or tumor growth. For instance, survival can be 
measured following administration and challenge (e.g., with 
a tumor or pathogen). See, e.g., the assays described in 
Examples 20 and 31H-I), below.) 

[0363] Mouse models useful for testing the immunogenic- 
ity of an immunogenic composition or vaccine expressing a 
particular antigen can be produced by first modifying a 
tumor cell so that it expresses the antigen of interest or a 
model antigen and then implanting the tumor cells express- 
ing the antigen of interest into mice. The mice can be 
vaccinated with the candidate immunogenic composition or 
vaccine comprising a recombinant bacterium expressing a 
polypeptide comprising the antigen of interest or a model 
antigen prior to implantation of the tumor cells (to test 



prophylactic efficacy of the candidate composition) or fol- 
lowing implantation of the tumor cells in the mice (to test 
therapeutic efficacy of the candidate composition). 

[0364] As an example, CT26 mouse murine colon carci- 
noma cells can be transfected with an appropriate vector 
comprising an expression cassette encoding the desired 
antigen or model antigen using techniques standard in the 
art. Standard techniques such as flow cytometry and Western 
blots can then be used to identify clones expressing the 
antigen or model antigen at sufficient levels for use in the 
immunogenicity and/or efficacy assays. 

[0365] Alternatively, candidate compositions can be tested 
which comprise a recombinant bacterium expressing an 
antigen that corresponds to or is derived from an antigen 
endogenous to a tumor cell line (e.g., the retroviral gp70 
tumor antigen AH1 endogenous to CT26 mouse murine 
colon carcinoma cells, or the heteroclitic epitope AH1-A5). 
In such assays, the tumor cells can be implanted in the 
animal model without further modification to express an 
additional antigen. Candidate vaccines comprising the anti- 
gen can then be tested. 

[0366] As indicated, vaccine compositions comprising the 
bacteria described herein are also provided. For instance, the 
invention provides a vaccine comprising a recombinant 
bacterium described herein (see, e.g., the recombinant bac- 
teria described above in the Summary of the Invention, 
Sections I and VIII of the Detailed Description above, and 
elsewhere in the specification, including the Examples, 
below) where the polypeptide sequence that is part of the 
polypeptide expressed by the recombinant bacterium as a 
discrete protein, as part of a fusion protein, or embedded in 
a protein chimera (depending on the recombinant nucleic 
acid molecule or expression cassette used) is an antigen. 
Suitable antigens include any of those described herein (e.g., 
above in Section IV). 

[0367] In one aspect, the invention provides a vaccine that 
comprises a bacterium, wherein the bacterium comprises an 
expression cassette comprising the following: (a) a first 
polynucleotide encoding a signal peptide, wherein the first 
polynucleotide is codon -optimized for expression in a bac- 
terium; (b) a second polynucleotide encoding an antigen, 
wherein the second polynucleotide is in the same transna- 
tional reading frame as the first polynucleotide; and (c) a 
promoter operably linked to the first and second polynucle- 
otides, so that the expression cassette encodes a fusion 
protein comprising the signal peptide and the antigen. 

[0368] In another aspect, the invention provides a vaccine 
that comprises a bacterium, where the bacterium comprises 
an expression cassette that comprises the following: (a) a 
first polynucleotide encoding a non-secAl bacterial signal 
peptide; (b) a second polynucleotide encoding an antigen in 
the same translational reading frame as the first polynucle- 
otide; and (c) a promoter operably linked to the first and 
second polynucleotides, so that the expression cassette 
encodes a fusion protein comprising the signal peptide and 
the antigen. 

[0369] In still another aspect, the invention provides a 
vaccine that comprises a recombinant Listeria bacterium 
comprising a nucleic acid molecule, wherein the nucleic acid 
molecule comprises the following: (a) a polynucleotide that 
encodes a non-Listerial antigen and that is codon-optimized 
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for expression in Listeria; and (b) a promoter, operably 
linked to the polynucleotide encoding the antigen. 

[0370] In another aspect, the invention provides a vaccine 
comprising a recombinant Listeria bacterium comprising an 
expression cassette which comprises: (a) a first polynucle- 
otide encoding a non-Listerial signal peptide; (b) a second 
polynucleotide encoding an antigen that is in the same 
translalional reading frame as the first polynucleotide; and 
(c) a promoter operably linked to both the first and second 
polynucleotides, wherein the expression cassette encodes a 
fusion protein comprising both the non-Listerial signal pep- 
tide and the antigen. 

[0371] In some embodiments, the vaccine compositions 
comprise antigen-presenting cells (APC) which have been 
infected with any of the recombinant bacteria described 
herein. In some embodiments the vaccine (or immunogenic 
or pharmaceutical composition) does not comprise antigen- 
presenting cells (i.e., the vaccine or composition is a bac- 
teria-based vaccine or composition, not an APC-based vac- 
cine or composition). 

[0372] Methods of administration suitable for administra- 
tion of vaccine compositions (and pharmaceutical and 
immunogenic compositions) arc known in the art, and 
include oral, intraveneous, intradermal, intraperitoneal, 
intramuscular, intralymphatic, intranasal and subcutaneous 
routes of administration. 

[0373] Vaccine formulations are known in the art and in 
some embodiments may include numerous additives, such 
as preservatives (e.g., thimerosal, 2-phenyoyx ethanol), sta- 
bilizers, adjuvants (e.g. aluminum hydroxide, aluminum 
phosphate, cytokines), antibiotics (e.g., neomycin, strepto- 
mycin), and other substances. In some embodiments, stabi- 
lizers, such as lactose or monosodium glutamatc (MSG), arc 
added to stabilize the vaccine formulation against a variety 
of conditions, such as temperature variations or a freeze- 
drying process. In some embodiments, vaccine formulations 
may also include a suspending fluid or diluent such as sterile 
water, saline, or isotonic buffered saline (e.g., phosphate 
buffered to physiological pH). Vaccine may also contain 
small amount of residual materials from the manufacturing 
process. 

[0374] Tor instance, in some embodiments, the vaccine 
compositions arc lyophilizcd (i.e., frcczc-dricd). The lyo- 
philizecl preparation can be combined with a sterile solution 
(e.g., citrate-bicarbonate buffer, buffered water, 0.4% saline, 
or the like) prior to administration. 

[0375] In some embodiments, the vaccine compositions 
may further comprise additional components known in the 
art to improve the immune response to a vaccine, such as 
adjuvants or co-stimulatory molecules. In addition to those 
listed above, possible adjuvants include chemokines and 
bacterial nucleic acid sequences, like CpG. In some embodi- 
ments, the vaccines comprise antibodies that improve the 
immune response to a vaccine, such as CTLA4. In some 
embodiments, co-stimulatory molecules comprise one or 
more factors selected from the group consisting of GM-CSF, 
IL-2, IL-12, IL-14, IL-15, IL-18, B7.1, B7.2, and B7-DC are 
optionally included in the vaccine compositions of the 
present invention. Other co-stimulatory molecules are 
known to those of ordinary skill in the art. 

[0376] In additional aspects, the invention provides meth- 
ods of improving a vaccine or immunogenic composition 



comprising Listeria that express an antigen. Any of the 
polynucleotides, expression cassettes and/or expression vec- 
tors described herein may be used in these methods. For 
instance, the invention provides a method of improving a 
vaccine or immunogenic composition comprising a Listeria 
bacterium, wherein the Listeria bacterium expresses a het- 
erologous antigen fused to a signal peptide, comprising 
codon-optimizing either the polypeptide -encoding sequence 
on the expression cassette, the signal peptide-encoding 
sequence of the expression cassette, or both. The invention 
provides a method of improving a vaccine or immunogenic 
composition comprising Listeria bacterium, wherein the 
Listeria bacterium expresses a heterologous antigen fused to 
a signal peptide, comprising using a signal peptide from a 
non-Listerial source and/or from a secretory pathway other 
than secAL 

[0377] Methods of producing the vaccines of the present 
invention are also provided. For instance, in one embodi- 
ment, a method of producing a vaccine comprising a recom- 
binant bacterium (e.g. a recombinant Listeria bacterium) 
comprises introducing a recombinant nucleic acid molecule 
into the bacterium, expression cassette, or expression vector 
described herein into a bacterium, wherein the recombinant 
nucleic acid molecule, expression cassette, or expression 
vector encodes an antigen. For instance, in some embodi- 
ments, a recombinant nucleic acid molecule comprising (a) 
a first polynucleotide encoding a signal peptide native to a 
bacterium, wherein the first polynucleotide is codon-opti- 
mized for expression in the bacterium, and (b) a second 
polynucleotide encoding an antigen, wherein the second 
polynucleotide is in the same translational reading frame as 
the first polynucleotide, wherein the recombinant nucleic 
acid molecule encodes a fusion protein comprising the 
signal peptide and the antigen, is introduced into a bacterium 
to produce the vaccine. In some embodiments, a recombi- 
nant nucleic acid molecule, comprising (a) a first polynucle- 
otide encoding a non-secAL bacterial signal peptide, and (b) 
a second polynucleotide encoding an antigen, wherein the 
second polynucleotide is in the same translational reading 
frame as the first polynucleotide, and wherein the recombi- 
nant nucleic acid molecule encodes a fusion protein com- 
prising the signal peptide and the antigen, is introduced into 
the bacterium to produce the vaccine. In some embodiments, 
the recombinant nucleic acid molecule that is introduced 
into the bacterium to produce the vaccine is a recombinant 
nucleic acid molecule, wherein the recombinant nucleic acid 
molecule comprises (a) a first polynucleotide encoding a 
non-Listerial signal peptide, and (b) a second polynucleotide 
encoding an antigen that is in the same translational reading 
frame as the first polynucleotide, wherein the recombinant 
nucleic acid molecule encodes a fusion protein comprising 
both the non-Listerial signal peptide and the antigen. The 
recombinant nucleic acid molecule used to produce the 
vaccine is, in some embodiments, a recombinant nucleic 
acid molecule, comprising (a) a first polynucleotide encod- 
ing a bacterial autolysin, or a catalytically active fragment or 
catalytically active variant thereof, and (b) a second poly- 
nucleotide encoding a polypeptide, wherein the second 
polynucleotide is in the same translational reading frame as 
the first polynucleotide, wherein the recombinant nucleic 
acid molecule encodes a protein chimera in which the 
non-Listerial polypeptide is fused to the autolysin, or cata- 
lytically active fragment or catalytically active variant 
thereof, or is inserted within the autolysin, or catalytically 
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active fragment or catalytically active variant thereof. In 
some other embodiments, a method of producing a vaccine 
comprising a recombinant listeria bacterium is provided, 
which comprises introducing a polycistronic expression 
cassette, wherein the polycistronic expression cassette 
encodes at least two discrete non-Listerial polypeptides, 
where at least one of the polypeptides is an antigen, into a 
Listeria bacterium to produce vaccine. 

[0378] Kits comprising any of the recombinant nucleic 
acid molecules, expression cassettes, vectors, bacteria and/ 
or compositions of the invention are also provided. 

[0379] X. Methods of Use 

[0380] A variety of methods of using the recombinant 
bacteria or pharmaceutical, immunogenic, or vaccine com- 
positions described herein for inducing immune responses, 
and/or preventing or treating conditions in a host are pro- 
vided. In some embodiments, the condition that is treated or 
prevented is a disease. In some embodiments, the disease is 
cancer. In some embodiments, the disease is an infectious 
disease. In addition, the recombinant bacteria arc also useful 
in the production and isolation of heterologous proteins, 
such as mammalian proteins. 

[0381] As used herein, "treatment" or "treating" (with 
respect to a condition or a disease) is an approach for 
obtaining beneficial or desired results including and prefer- 
ably clinical results. Tor purposes of this invention, benefi- 
cial or desired results with respect to a disease include, but 
are not limited to, one or more of the following: improving 
a condition associated with a disease, curing a disease, 
lessening severity of a disease, delaying progression of a 
disease, alleviating one or more symptoms associated with 
a disease, increasing the quality of life of one suffering from 
a disease, and/or prolonging survival. Likewise, for pur- 
poses of this invention, beneficial or desired results with 
respect to a condition include, but arc not limited to, one or 
more of the following: improving a condition, curing a 
condition, lessening severity of a condition, delaying pro- 
gression of a condition, alleviating one or more symptoms 
associated with a condition, increasing the quality of life of 
one suffering from a condition, and/or prolonging survival. 
For instance, in those embodiments where the compositions 
described herein are used for treatment of cancer, the ben- 
eficial or desired results include, but are not limited to, one 
or more of the following: reducing the proliferation of (or 
destroying) neoplastic or cancerous cells, reducing metasta- 
sis of neoplastic cells found in cancers, shrinking the size of 
a tumor, decreasing symptoms resulting from the cancer, 
increasing the quality of life of those suffering from the 
cancer, decreasing the dose of other medications required to 
treat the disease, delaying the progression of the cancer, 
and/or prolonging survival of patients having cancer. 

[0382] As used herein, the terms "preventing" disease or 
"protecting a host" from disease (used interchangeably 
herein) encompass, but arc not limited to, one or more of the 
following: stopping, deferring, hindering, slowing, retard- 
ing, and/or postponing the onset or progression of a disease, 
stabilizing the progression of a disease, and/or delaying 
development of a disease. The terms "preventing" a condi- 
tion or "protecting a host" from a condition (used inter- 
changeably herein) encompass, but are not limited to, one or 
more of the following: stopping, deferring, hindering, slow- 
ing, retarding, and/or postponing the onset or progression of 



a condition, stabilizing the progression of a condition, and/or 
delaying development of a condition. The period of this 
prevention can be of varying lengths of time, depending on 
the history of the disease or condition and/or individual 
being treated. By way of example, where the vaccine is 
designed to prevent or protect against an infectious disease 
caused by a pathogen, the terms "preventing" disease or 
"protecting a host" from disease encompass, but are not 
limited to, one or more of the following: stopping, deferring, 
hindering, slowing, retarding, and/or postponing the infec- 
tion by a pathogen of a host, progression of an infection by 
a pathogen of a host, or the onset or progression of a disease 
associated with infection of a host by a pathogen, and/or 
stabilizing the progression of a disease associated with 
infection of a host by a pathogen. Also, by way of example, 
where the vaccine is an anti-cancer vaccine, the terms 
"preventing" disease or "protecting the host" from disease 
encompass, but are not limited to, one or more of the 
following: slopping, deferring, hindering, slowing, retard- 
ing, and/or postponing the development of cancer or 
metastasis, progression of a cancer, or a reoccurrence of a 
cancer. 

[0383] In one aspect, the invention provides a method of 
inducing an immune response in a host to an antigen, 
comprising administering to the host an effective amount of 
a recombinant bacterium described herein or an effective 
amount of a composition (e.g., a pharmaceutical composi- 
tion, immunogenic composition, or vaccine) comprising a 
recombinant bacterium described herein (see, e.g., the Sum- 
mary of the Invention, Sections I, VIII, and IX of the 
Detailed Description above, or the Examples below). In 
some embodiments, the polypeptide encoded by the recom- 
binant nucleic acid, expression cassette, and/or expression 
vector in the recombinant bacterium comprises the antigen 
or is a fusion protein or protein chimera comprising the 
antigen. 

[0384] For instance, in one aspect, the invention provides 
a method of inducing an immune response in a host to an 
antigen comprising administering to the host an effective 
amount of a composition comprising a recombinant bacte- 
rium, wherein the recombinant bacterium comprises an 
expression cassette comprising the following: (a) a first 
polynucleotide encoding a signal peptide, wherein the first 
polynucleotide is codon-optimized for expression in the 
bacterium; (b) a second polynucleotide encoding the anti- 
gen, wherein the second polynucleotide is in the same 
translational reading frame as the first polynucleotide; and 
(c) a promoter operably linked to the first and second 
polynucleotides, so that the expression cassette encodes a 
fusion protein comprising the signal peptide and the antigen. 

[0385] In another aspect, the invention provides a method 
of inducing an immune response in a host to an antigen 
comprising administering to the host an effective amount of 
a composition comprising a recombinant bacterium com- 
prising an expression cassette, where the expression cassette 
comprises the following: (a) a first polynucleotide encoding 
a non-secAl bacterial signal peptide; (b) a second poly- 
nucleotide encoding the antigen in the same translational 
reading frame as the first polynucleotide; and (c) a promoter 
operably linked to the first and second polynucleotides, so 
that the expression cassette encodes a fusion protein com- 
prising the signal peptide and the antigen. 
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[0386] In yet another aspect, the invention provides a 
method of inducing an immune response in a host to a 
non-Listerial antigen comprising administering to the host 
an effective amount of a compositions comprising a recom- 
binant Listeria bacterium comprising a nucleic acid mol- 
ecule, wherein the nucleic acid molecule comprises the 
following: (a) a polynucleotide which encodes the non- 
I.Jsle rial antigen and that is codon-optimized for expression 
in Listeria; and (b) a promoter, operably linked to the 
polynucleotide encoding the antigen. 

[0387] In another aspect, the invention provides a method 
of inducing an immune response in a host to an antigen 
comprising administering to the host an effective amount of 
a recombinant Listeria bacterium comprising an expression 
cassette which comprises the following: (a) a first polynucle- 
otide encoding a non-Listerial signal peptide; (b) a second 
polynucleotide encoding the antigen that is in the same 
translational reading frame as the first polynucleotide; and 
(c) a promoter operably linked to both the first and second 
polynucleotides, wherein the expression cassette encodes a 
fusion protein comprising both the non-Listerial signal pep- 
tide and the polypeptide. 

[0388] In some embodiments of the methods of inducing 
immune responses described herein, the bacterium is admin- 
istered in the form of a pharmaceutical composition, an 
immunogenic composition and/or vaccine composition. 

[0389] In some embodiments, the immune response is an 
MHC Class I immune response. In other embodiments, the 
immune response is an MHC Class II immune response. In 
still other embodiments, the immune response that is 
induced by administration of the bacteria or compositions is 
both an MHC Class I and an MHC Class II response. 
Accordingly, in some embodiments, the immune response 
comprises a CD4+ T-cell response. In some embodiments, 
the immune response comprises a CD8+ T-cell response. In 
some embodiments, the immune response comprises both a 
CD4+ T-cell response and a CD8+ T-cell response. In some 
embodiments, the immune response comprises a B-cell 
response and/or a T-cell response. B-cell responses may be 
measured by determining the tiler of an antibody directed 
against ihe antigen, using methods known to those of 
ordinary skill in the art. In some embodiments, the immune 
response which is induced by the compositions described 
herein is a humoral response. In other embodiments, the 
immune response which is induced is a cellular immune 
response. In some embodiments, the immune response com- 
prises both cellular and humoral immune responses. In some 
embodiments, the immune response is antigen-specific. In 
some embodiments, the immune response is an antigen- 
spec i lie T-cell response. 

[0390] In addition to providing methods of inducing 
immune responses, the present invention also provides 
methods of preventing or treating a condition in a host (e.g., 
a subject such as human patient). In some embodiments, the 
condition is a disease. The methods comprise administration 
to the host of an effective amount of a recombinant bacte- 
rium described herein, or a composition comprising a 
recombinant bacterium described herein (see, e.g., the Sum- 
mary of the Invention, Sections I, VIII, and IX of the 
Detailed Description above, or the Examples below). In 
some embodiments, the disease is cancer. In some embodi- 
ments, the disease is an infectious disease. 



[0391] For instance, in one aspect, the invention provides 
a method of preventing or treating disease (or condition) in 
a host comprising administering to the host an effective 
amount of composition comprising a bacterium, wherein the 
bacterium comprises an expression cassette comprising the 
following: (a) a first polynucleotide encoding a signal pep- 
tide, wherein the first polynucleotide is codon-optimized for 
expression in a bacterium; (b) a second polynucleotide 
encoding a polypeptide (e.g., an antigen and/or a therapeutic 
mammalian protein), wherein the second polynucleotide is 
in the same translational reading frame as the first poly- 
nucleotide; and (c) a promoter operably linked to the first 
and second polynucleotides, so that the expression cassette 
encodes a fusion protein comprising the signal peptide and 
the antigen. 

[0392] In another aspect, the invention provides a method 
of preventing or treating disease (or condition) in a host 
comprising administering to the host an effective amount of 
a composition comprising a recombinant bacterium, where 
the bacterium comprises an expression cassette, and where 
the expression cassette comprises the following: (a) a first 
polynucleotide encoding a non-secAl bacterial signal pep- 
tide; (b) a second polynucleotide encoding a polypeptide 
(e.g., an antigen and/or mammalian protein) in the same 
translational reading frame as the first polynucleotide; and 
(c) a promoter operably linked to the first and second 
polynucleotides, so that the expression cassette encodes a 
fusion protein comprising the signal peptide and the antigen. 

[0393] In still another aspect, the invention provides a 
method of preventing or treating disease (or a condition) in 
a host comprising administering to the host an effective 
amount of a composition comprising a recombinant Listeria 
bacterium comprising a nucleic acid molecule, wherein the 
nucleic acid molecule comprises the following: (a) a poly- 
nucleotide which encodes a non-Listerial polypeptide (e.g., 
an antigen and/or a therapeutic mammalian protein) and that 
is codon-optimized for expression in Listeria; and (b) a 
promoter, operably linked to the polynucleotide encoding 
the antigen. 

[0394] In another aspect, the invention provides a method 
of preventing or treating disease (or a condition) in a host 
comprising administering to the host an effective amount of 
a composition comprising a recombinant Listeria bacterium 
comprising an expression cassette which comprises: (a) a 
first polynucleotide encoding a non-Listerial signal peptide; 
(b) a second polynucleotide encoding a polypeptide (e.g., an 
antigen and/or a therapeutic mammalian protein) that is in 
the same translational reading frame as the first polynucle- 
otide; and (c) a promoter operably linked to both the first and 
second polynucleotides, wherein the expression cassette 
encodes a fusion protein comprising both the non-Listerial 
signal peptide and the polypeptide. 

[0395] In some embodiments, the disease is cancer. In 
some embodiments, where the condition being treated or 
prevented is cancer, the disease is melanoma, breast cancer, 
pancreatic cancer, liver cancer, colon cancer, colorectal 
cancer, lung cancer, brain cancer, testicular cancer, ovarian 
cancer, squamous cell cancer, gastrointestinal cancer, cervi- 
cal cancer, kidney cancer, thyroid cancer or prostate cancer. 
In some embodiments, the cancer is melanoma. In some 
embodiments, the cancer is pancreatic cancer. In some 
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embodiments, the cancer is colon cancer. In some embodi- 
ments, the cancer is prostate cancer. In some embodiments, 
the cancer is metastatic. 

[0396] In other embodiments, the disease is an autoim- 
mune disease. In still other embodiments, the disease is an 
infectious disease or another disease caused by a pathogen 
such as a virus, bacterium, fungus, or protozoa. In some 
embodiments, the disease is an infectious disease. 

[0397] In some embodiments, the use of the recombinant 
bacteria in the prophylaxis or treatment of a cancer com- 
prises the delivery of the recombinant bacteria to cells of the 
immune system of an individual to prevent or treat a cancer 
present or to which the individual has increased risk factors, 
such as environmental exposure and/or familial disposition. 
In other embodiments, the use of the recombinant bacteria in 
the prophylaxis or treatment of a cancer comprises delivery 
of the recombinant bacteria to an individual who has had a 
tumor removed or has had cancer in the past, but is currently 
in remission. 

[0398] In some embodiments, administration of composi- 
tion comprising a recombinant bacterium described herein to 
a host elicits a CD4+T-cell response in the host. In some 
other embodiments, administration of a composition com- 
prising a recombinant bacterium described herein to a host 
elicits a CD8+ T-cell response in the host. In some embodi- 
ments, administration of a composition comprising a recom- 
binant bacterium described herein elicits both a CD4+ T-cell 
response and a CD8+ T-cell response in the host. 

[0399] The efficacy of the vaccines or other compositions 
for the treatment of a condition can be evaluated in an 
individual, for example in mice. A mouse model is recog- 
nized as a model for efficacy in humans and is useful in 
assessing and defining the vaccines of the present invention. 
The mouse model is used to demonstrate the potential for the 
effectiveness of the vaccines in any individual. Vaccines can 
be evaluated for their ability to provide either a prophylactic 
or therapeutic effect against a particular disease. For 
example, in the case of infectious diseases, a population of 
mice can be vaccinated with a desired amount of the 
appropriate vaccine of the invention, where the recombinant 
bacterium expresses an infectious disease associated anti- 
gen. The mice can be subsequently infected with the infec- 
tious agent related to the vaccine antigen and assessed for 
protection against infection. The progression of the infec- 
tious disease can be observed relative to a control population 
(either non vaccinated or vaccinated with vehicle only or a 
bacterium that does not contain the appropriate antigen). 

[0400] In the case of cancer vaccines, tumor cell models 
are available, where a tumor cell line expressing a desired 
tumor antigen can be injected into a population of mice 
either before (therapeutic model) or after (prophylactic 
model) vaccination with a composition comprising a bacte- 
rium of the invention containing the desired tumor antigen. 
Vaccination with a recombinant bacterium containing the 
tumor antigen can be compared to control populations that 
are either not vaccinated, vaccinated with vehicle, or with a 
recombinant bacterium that expresses an irrelevant antigen. 
The effectiveness of the vaccine in such models can be 
evaluated in terms of tumor volume as a function of time 
after tumor injection or in terms of survival populations as 
a function of time after tumor injection (e.g., Example 31D). 
In one embodiment, the tumor volume in mice vaccinated 



with a composition comprising the recombinant bacterium is 
about 5%, about 10%, about 25%, about 50%, about 75%, 
about 90% or about 100% less than the tumor volume in 
mice that are either not vaccinated or are vaccinated with 
vehicle or a bacterium that expresses an irrelevant antigen. 
In another embodiment, this differential in tumor volume is 
observed at least about 10, about 17, or about 24 days 
following the implant of the tumors into the mice. In one 
embodiment, the median survival time in the mice vacci- 
nated with the composition comprising a recombinant bac- 
terium is at least about. 2, about 5, about 7 or at least about 
10 days longer than in mice that are either not vaccinated or 
are vaccinated with vehicle or bacteria that express an 
irrelevant antigen. 

[0401] The host (i.e., subject) in the methods described 
herein, is any vertebrate, preferably a mammal, including 
domestic animals, sport animals, and primates, including 
humans. In some embodiments, the host is a mammal. In 
some embodiments, the host is a human. 

[0402] The delivery of the recombinant bacteria, or a 
composition comprising the strain, may be by any suitable 
method, such as intradermal, subcutaneous, intraperitoneal, 
intravenous, intramuscular, intralymphatic, oral or intrana- 
sal, as well as by any route that is relevant for any given 
malignant or infectious disease or other condition. 

[0403] ITie compositions comprising the recombinant bac- 
teria and an immunostimulatory agent may be administered 
to a host simultaneously, sequentially or separately. 
Examples of immunostimulatory agents include, but are not 
limited to IL-2, IL-12, GMCSF, IL-15, 137. 1, B7.2, and 
B7-DC and IL-14. Additional examples of stimulatory 
agents are provided in Section IX, above 

[0404] As used herein, an "effective amount" of a bacte- 
rium or composition (such as a pharmaceutical composition 
or an immunogenic composition) is an amount sufficient to 
effect beneficial or desired results. For prophylactic use, 
beneficial or desired results includes results such as elimi- 
nating or reducing the risk, lessening the severity, or delay- 
ing the outset of the disease, including biochemical, histo- 
logic and/or behavioral symptoms of a disease, its 
complications and intermediate pathological phenotypes 
presenting during development of the disease. For therapeu- 
tic use, beneficial or desired results includes clinical results 
such as inhibiting or suppressing a disease, decreasing one 
or more symptoms resulting from a disease (biochemical, 
histologic and/or behavioral), including its complications 
and intermediate pathological phenotypes presenting during 
development of a disease, increasing the quality of life of 
those suffering from a disease, decreasing the dose of other 
medications required to treat the disease, enhancing effect of 
another medication, delaying the progression of the disease, 
and/or prolonging survival of patients. An effective amount 
can be administered in one or more administrations. For 
purposes of this invention, an effective amount of drug, 
compound, or pharmaceutical composition is an amount 
sufficient to accomplish prophylactic or therapeutic treat- 
ment either directly or indirectly. As is understood in the 
clinical context, an effective amount of a drug, compound, 
or pharmaceutical composition may or may not be achieved 
in conjunction with another drug, compound, or pharma- 
ceutical composition. Thus, an effective amount may be 
considered in the context of administering one or more 
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therapeutic agents, and a single agent may be considered to 
be given in an effective amount if, in conjunction with one 
or more other agents, a desirable result may be or is 
achieved. 

[0405] In some embodiments, for a therapeutic treatment 
of a cancer, an effective amount includes an amount that will 
result in the desired immune response, wherein the immune 
response cither slows the growth of the targeted tumors, 
reduces the size of the tumors, or preferably eliminates the 
tumors completely. The administration of the vaccine may 
be repeated at appropriate intervals, and may be adminis- 
tered simultaneously at multiple distinct sites in the vacci- 
nated individual. In some embodiments, for a prophylactic 
treatment of a cancer, an effective amount includes a dose 
that will result in a protective immune response such that the 
likelihood of an individual to develop the cancer is signifi- 
cantly reduced. The vaccination regimen may be comprised 
of a single dose, or may be repeated at suitable intervals until 
a protective immune response is established. 

[0406] In some embodiments, the therapeutic treatment of 
an individual for cancer may be started on an individual who 
has been diagnosed with a cancer as an initial treatment, or 
may be used in combination with other treatments. For 
example, individuals who have had tumors surgically 
removed or who have been treated with radiation therapy or 
by chemotherapy may be treated with the vaccine in order to 
reduce or eliminate any residual tumors in the individual, or 
to reduce the risk of a recurrence of the cancer. In some 
embodiments, the prophylactic treatment of an individual 
for cancer, would be started on an individual who has an 
increased risk of contracting certain cancers, either due to 
environmental conditions or genetic predisposition. 

[0407] The dosage of the pharmaceutical compositions or 
vaccines that are given to the host will vary depending on the 
species of the host, the size of the host, and the condition or 
disease of the host. The dosage of the compositions will also 
depend on the frequency of administration of the composi- 
tions and the route of administration. The exact dosage is 
chosen by the individual physician in view of the patient to 
be treated. 

[0408] In some embodiments, the pharmaceutical compo- 
sitions, immunogenic compositions, or vaccines used in the 
methods comprise recombinant bacteria which comprise the 
recombinant nucleic acid molecules, expression cassettes 
and/or expression vectors described herein. In some embodi- 
ments, the recombinant bacteria are modified and/or mutant 
bacteria such as those described in U.S. patent application 
Ser. No. 10/883,599, entitled ''Modified Free-Living 
Microbes, Vaccine Compositions and Methods of Use 
Thereof," by Thomas W. Dubensky, Jr. et al., filed Jun. 30, 
2004, U.S. patent Publication No. 2004/0228877 and U.S. 
patent Publication No. 2004/0197343, each of which is 
incorporated by reference herein in its entirety. In some 
embodiments, a single dose of the pharmaceutical compo- 
sition or vaccine comprising such modified and/or mutant 
bacteria or any of the other recombinant bacteria described 
herein comprises from about 10 2 to about 10 12 of the 
bacterial organisms. In another embodiment, a single dose 
comprises from about 10 5 to about 10 11 of the bacterial 
organisms. In another embodiment, a single dose comprises 
from about 10* to about 10 11 of the bacterial organisms. In 
still another embodiment, a single dose of the pharmaceu- 



tical composition or vaccine comprises from about 10 7 to 
about 10 10 of the bacterial organisms. In still another 
embodiment, a single dose of the pharmaceutical composi- 
tion or vaccine comprises from about 10 7 to about 10 9 of the 
bacterial organisms. 

[0409] In some embodiments, a single dosage comprises 
at least about lxlO 2 bacterial organisms. In some embodi- 
ments, a single dose of the composition comprises at least 
about 1x10 s organisms. In another embodiment, a single 
dose of the composition or vaccine comprises at least about 
lxlO 6 bacterial organisms. In still another embodiment, a 
single dose of the composition or vaccine comprises at least 
about lxlO 7 of the bacterial organisms. 

[0410] In some embodiments, a single dose of the phar- 
maceutical composition, immunogenic composition, or vac- 
cine comprising recombinant, modified and/or mutant bac- 
teria described herein comprises from about 1 CFU/kg to 
about lxlO 10 CFU/kg (CFU=colony forming units). In some 
embodiments, a single dose of the composition comprises 
from about 10 CFU/kg to about 1x10° CFU/kg. In another 
embodiment, a single dose of the composition or vaccine 
comprises from about lxlO 2 CFU/kg to about 1x10" CFU/ 
kg. In still another embodiment, a single dose of the com- 
position or vaccine comprises from about lxlO 3 CFU/kg to 
about 1x10 s CFU/kg. In still another embodiment, a single 
dose of the composition or vaccine comprises from about 
lxl0 J CFU/kg to about lxlO 7 CFU/kg. In some embodi- 
ments, a single dose of the composition comprises at least 
about 1 CFU/kg. In some embodiments, a single dose of the 
composition comprises at least about 10 CFU/kg. In another 
embodiment, a single dose of the composition or vaccine 
comprises at least about 1x102 CFU/kg. In still another 
embodiment, a single dose of the composition or vaccine 
comprises at least about lxlO 3 CFU/kg. In still another 
embodiment, a single dose of the composition or vaccine 
comprises from at least about lxlO 4 CFU/kg. 

[0411] In some embodiments, the proper (i.e., effective) 
dosage amount for one host, such as human, may be extrapo- 
lated from the LD 50 data for another host, such as a mouse, 
using methods known to those in the art. 

[0412] In some embodiments, the pharmaceutical compo- 
sition, immunogenic composition, or vaccine comprises 
antigen-present ing cells, such as dendritic cells, which have 
been infected with recombinant bacteria comprising the 
recombinant nucleic acid molecules, expression cassettes 
and/or expression vectors described herein. In some embodi- 
ments, the bacteria have been modified and/or are mutants 
such as those described in U.S. patent application Ser. No. 
10/883,599, filed Jun. 30, 2004, and U.S. patent Publication 
Nos. 2004/0228877 and US 2004/01 97343, each of which is 
incorporated by reference herein in its entirety. Such anti- 
gen-presenting cell based vaccines are described, for 
instance, in the following: International Application No. 
PCT/US2004/23881, emitted "Antigen -Presenting Cell Vac- 
cines and Methods of Use Thereof," by Thomas W. Duben- 
sky, Jr. et al, filed Jul. 23, 2004; U.S. patent application Ser. 
No. 10/883,599, filed Jun. 30, 2004; U.S. patent Publication 
No. 2004/0228877; and U.S. patent Publication No. US 
2004/0197343, each of which is incorporated by reference 
herein in its entirety. In some embodiments, an individual 
dosage of an antigen-presenting cell based vaccine compris- 
ing bacteria such as those described herein comprises 
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between about lxlO 3 to about lxl0 JO antigen-presenting 
cells. In some embodiments, an individual dosage of the 
vaccine comprises between about 1x10 s to about lxlO 9 
antigen-presenting cells. In some embodiments, an indi- 
vidual dosage of the vaccine comprises between about 
1x10 to about lxlO 9 antigen-presenting cells. 

[0413] In some embodiments, multiple administrations of 
the dosage unit are preferred, either in a single day or over 
the course of a week or month or year or years. In some 
embodiments, the dosage unit is administered every day for 
multiple days, or once a week for multiple weeks. 

[0414] llie invention further provides the use of any 
recombinant bacterium described herein (i.e., any bacterium 
comprising a recombinant nucleic acid molecule, expression 
cassette, or vector described herein) in the manufacture of a 
medicament for inducing an immune response in a host to an 
antigen, wherein a polypeptide encoded by the recombinant 
nucleic acid molecule, expression cassette, and/or vector in 
the bacterium comprises the antigen. In some embodiments, 
the antigen is a heterologous antigen. The invention also 
provides the use of a recombinant bacterium described 
herein in the manufacture of a medicament for preventing or 
treating a condition in a host (e.g., a disease such as cancer 
or an infectious disease). The invention further provides the 
recombinant bacteria described herein for use in inducing an 
immune response in a host to an anligen, wherein a polypep- 
tide encoded by the recombinant nucleic acid molecule, 
expression cassette, and/or vector in the bacterium com- 
prises the antigen. The invention further provides the recom- 
binant bacteria described herein for use in the prevention or 
Ireatmenl of a condition (such as a disease) in a host. 

[0415] The invention also provides a melhod of inducing 
MHC class I antigen presentation or MHC class II antigen 
presentation on an antigen-presenting cell comprising con- 
tacting a bacterium described herein with an antigen-pre- 
senting cell. 

[0416] The invention further provides a method of induc- 
ing an immune response in a host to an antigen comprising, 
the following steps: (a) contacting a recombinant bacterium 
described herein with an antigen-presenting cell from the 
host, under suitable conditions and for a time sufficient to 
load the antigen-presenting cells; and (b) administering the 
antigen-presenting cell to the host. 

[0417] Other possible uses of the recombinant nucleic acid 
molecules, expression cassettes, and bacteria will be recog- 
nized by those of ordinary skill in the art. For instance, the 
recombinant nucleic acid molecules, expression cassettes, 
vectors, and recombinant bacteria (and other host cells) 
described herein are useful for the production and isolation 
of heterologous polypeptides. Accordingly in an alternative 
aspect, the invention provides a method of expressing a 
polypeptide in a bacterium, comprising (a) introducing an 
expression cassette or vector described herein into bacteria 
(e.g., via transfection, transformation, or conjugation); and 
(b) growing the bacteria in culture under conditions suitable 
for protein expression. In another alternative aspect, the 
invention provides a melhod of producing an isolated 
polypeptide comprising the following: (a) introducing an 
expression cassette or vector described herein into bacteria 
(e.g., via transfection, transformation, or conjugation); (b) 
growing the bacteria in cell culture under conditions suitable 
for protein expression; and (c) isolating the protein from the 



bacterial cell culture. Suitable methods of transformation, 
transfection, and conjugation are well known to those of 
ordinary skill in the art, as are methods of culluring and 
growing bacteria and isolating secreted or non -secreted 
protein from cell culture. 

EXAMPLES 

[0418] 'I tie following examples are provided to illustrate, 
but not to limit, the invention. 

Example 1 

Preparation of Exemplary Mutant Listeria strains 

[0419] Listeria strains were derived from 10403S (Bishop 
et al., J. Immunol. 139:2005 (1987)). Listeria strains with 
in-frame deletions of the indicated genes were generated by 
SOE-PCR and allelic exchange with established methods 
(Camilli, et al, Mol Microbiol 8:143 (1993)). The mutant 
strain LLO L461T(DP-L4<)17) was described in Glomski, el 
al, J. Cell. Biol 156: 1029 (2002), incorporated by reference 
herein. The actA" mutant (DP-L4029) is the DP-L3078 
strain described in Skoble et al., J. of Cell Biology, 150: 
527-537 (2000), incorporated by reference herein in its 
entirely, which has been cured of its prophage. (Prophage 
curing is described in (Lauer et al., J. BacterioL 184:4177 
(2002); U.S. patent Publication No. 2003/0203472).) Con- 
struction of an actA'/uvrAB" strain is described in the U.S. 
provisional application CO/446,051, filed Feb. 6, 2003, as 
L4029/uvrAB (see, e.g. Example 7 of that application), as 
well as in U.S. patent Publication No. 2004/0197343. 
DP-L4029uvrAB (a Listeria monocytogenes actA'/uvrAB" 
double deletion mutant) was deposited with the American 
Type Culture Collection (ATCC), al 10801 University Blvd, 
Manassas, Va., 20110-2209, United States of America, on 
Oct. 3, 2003, under the provisions of the Budapest Treaty on 
the International Recognition of the Deposit of Microorgan- 
isms for the Purposes of Patent Procedure, and designated 
PTA-5563. Additional descriptions regarding mutant List- 
eria are provided in the following applications or publica- 
tions, each of which is incorporated by reference herein in 
its entirety: U.S. patent Publication No. 2004/0228877; U.S. 
patent Publication No. US 2004/0197343; the PCT Interna- 
tional Application No. PCT/US2004/23881, filed Jul. 23, 
2004; and U.S. patent application Ser. No. 10/883,599, filed 
Jun. 30, 2004. In addition, an exemplary Listeria monocy- 
togenes Aact AAinlB double deletion mutant has been depos- 
ited with the American Type Culture Collection (ATCC), at 
10801 University Blvd, Manassas, Va., 201 10-2209, United 
States of America, on Oct. 3, 2003, under the provisions of 
the Budapest Treaty on the International Recognition of the 
Deposit of Microorganisms for the Purposes of Patent Pro- 
cedure, and designated P TA-5562. 

[0420] One non -limiting example of a method of deleting 
a gene in Listeria monocytogenes to generate an attenuated 
mutant is provided in Example 24, below. 

Example 2 

Construction of Listeria strains expressing 
All I/O VA or Al 1 1 - A5/0 VA 

[0421] Mutant Listeria strains expressing a truncated form 
of a model antigen ovalbumin (OVA), the immunodominant 
epitope from mouse colorectal cancer (CT26) known as 
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AH1 (SPSYVYHOF (SEQ ID NO:72)), and the altered 
epitope AH1-A5 (SPSYAYHQF (SEQ ID NO: 73); Slansky 
el al., Immunity, 13:529-538 (2000)) were prepared. The 
pPL2 integrational vector (Liner et al., J. Bacteriol 
184:4177 (2002); U.S. patent Publication No. 2003/ 
0203472) was used to derive OVA and AII1-A5/OVA 
recombinant Listeria strains containing a single copy inte- 
grated into an innocuous site of the Listeria genome. 

[0422] A. Construction of OVA-Expressing Listeria (DP- 
L4056). 

[0423] An antigen expression cassette consisting of 
hemolysin-deleled LLO fused with truncated OVA and 
contained in the pPL2 integration vector (pPL2/LLO-OVA) 
is first prepared. The Listeria-OVA vaccine strain is derived 
by introducing pPL2/LLO-OVA into the phage-cured L. 
monocytogenes strain DP-L4056 at the PSA (Phage from 
ScottA) attachment site TRNA Ar8 -attBB'. 

[0424] PGR is used to amplify the hemolysin-deleted LLO 
using the following template and primers: 

[0425] Source: DP-L4056 genomic DNA 

[0426] Primers: 



Forward (KpnI-LLO nts. 1257-1276): 

(SEQ ID NO: 74 ) 

5 ' -CTCT GGTACCT CCTTTGATTAGTATATTC 

(T m : LLO-spec: 52° C. Overall: 80° C.) 

Reverse (BamHI-XhoI-LLO nts. 2811-2792): 

(SEQ ID NO: 75) 
5 ' -CAAT GGATCCCTCGAG ATCATAATTTACTTCATCCC 
(T t „: LLO-spec: 52° C. Overall: 102° C.) 

[0427] PGR is also used to amplify the truncated OVA 
using the following template and primers: 

[0428] Source: pDP3616 plasmid DNA from DP- 
E3616£. coli (Migginset al.,Mo/. Moibiol. 31:1631- 
1641 (1999)). 

[0429] Primers: 



Forward (Xhol- Ncol OVA cDNA nts. 174-186): 

(SEQ ID N0:76) 
5 ' -ATTTCTCGAGTCCATGGGGGGTTCTCATCATC 
(T m : OVA-spec: 60° C. Overall: 88° C. ) 

Reverse (Xhol-Notl-Hindlll ) : 

(SEQ ID NO: 77) 

5 ' -GGTGCTCGAGTGCGGCCGCAAGCTT 
(T ra i Overall: 82° C. ) 

[0430] One protocol for completing the construction pro- 
cess involves first cutting the LLO amplicon with Kpnl and 
Ram HI and inserting the Kpn I/Bam Ml vector into the pPL2 
vector (pPL2-LLO). The OVA amplicon is then cut with 
Xhol and Notl and inserted into the pPL2-LLO which has 
been cut with Xhol/Notl. (Note: The pPL2 vector does not 
contain any Xhol sites; pDP-3616 contains one Xhol site, 
that is exploited in the OVA reverse primer design.) The 
construct pPL2/LLO-OVA is verified by restriction analysis 
(KpnI-LLO-XhoI-OVA-NotI) and sequencing. The plasmid 
pPL2/LLO-OVA is introduced into E. coli by transforma- 
tion, followed by introduction and integration into Listeria 
(DP-L4056) by conjugation, exactly as described by Lauer 



et al. (or into another desired strain of Listeria, such as an 
inlB" mutant or an inlB"actA" double mutant). 

[0431] B. Construction of Listeria Strains Expressing 
AH1/OVA or AH1-A5/OVA. 

[0432] To prepare Listeria expressing either the Al I I/O VA 
or the AH1-A5/OVA antigen sequences, inserts bearing the 
antigen are first prepared from oligonucleotides and then 
ligated into the vector pPL2/LLO-OVA (prepared as 
described above). 

[0433] The following oligonucleotides are used in prepa- 
ration of the AH1 or AJI1-A5 insert: 

[0434] AH1 epitope insert (Clal-PslI compatible 
ends): 



Top strand oligo (AH1 Top): 

(SEQ ID N0:78) 
5 * - CGATTCCCCTAGT TATGTTTAC CACC AATTTGCTGCA 

Bottom strand oligo (AH1 Bottom): 

(SEQ ID N0:79) 
5 ' -GCAAATTGGTGGTAAACATAACTAGGGGAAT 

[0435] AH1-A5 epitope insert (Clal-Avall compat- 
ible ends): 



The sequence of the AH1-A5 epitope is SPSYAYHQF 

(SEQ ID NO:73) 
(5'-AGT CCA AGT TAT GCA TAT CAT CAA TTT-3 ' 
(SEQ ID NO:80) ) 

(SEQ ID NO:81) 
Top : 5 ' - CGATAGTCC AAGT TATGC ATATC ATC AATTTGC 

(SEQ ID NO:82) 
Bottom : 5 ' -GTCGCAAATTGATGATATGCATAACTTGGACTAT 

[0436] The oligonucletide pair for a given epitope are 
mixed together at an equimolar ratio, heated at 95° C. for 5 
min. The oligonucleotide mixture is then allowed to slowly 
cool. The annealed oligonucleotide pairs are then ligated at 
a 200 to 1 molar ratio with pPL2-LLO/OVA plasmid pre- 
pared by digestion with the relevant restriction enzymes. 
The identity of the new construct can be verified by restric- 
tion analysis and/or sequencing. 

[0437] The plasmid can then be introduced into E. coli by 
transformation, followed by introduction and integration 
into Listeria (DP-L4056) by conjugation, exactly as 
described by Lauer et al., or into another desired strain of 
Listeria, such as an act A" mutant strain (DP-L0429), LLO 
L461T strain (DP-L4017), or actA7uvrAB" strain (DP- 
L4029uvrAB). 

Example 3 

Construction of Listeria Polynucleotides and 
Expression Cassette Elements 

[0438] A. Cloning Vectors 

[0439] Selected heterologous antigen expression cassette 
molecular constructs were inserted into pPL2 (Lauer et. al. 
J. Bacteriol. 2002), or pAM401 (Wirth et. al.,7. Bacteriol. 
165:831-836), modified to contain the multiple cloning 
sequence of pPL2 (Aat II small fragment, 171 bps), inserted 
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between blunted Xba I and Nru I recognition sites, within 
the tetracycline resistance gene (pAM401-M CS, FIG. 32). 
In general, the hly promoter and (selected) signal peptide 
sequence was inserted between the unique Kpn I and Bam 
III sites in the pPL2 or pAM401-MCS plasmid vectors. 
Selected EphA2 genes (sometimes modified to contain 
N-terminal and C-terminal epitope tags; see description 
below) were cloned subsequently into these constructs 
between unique Bam HI and Sac I sites. Molecular con- 
structs based on the pAM401-MCS plasmid vector were 
introduced by electroporation into selected Listeria mono- 
cytogenes strains also treated with lysozyme, utilizing meth- 
ods common to those skilled in the art. The expected plasmid 
structure in /is7erw-transfectanls was verified by isolating 
DNA from colonies that formed on chloramphenicol-con- 
taining Bill agar plates (10 //g/ml) by restriction enzyme 
analysis. Recombinant Listeria transformed with various 
p AM401 -MCS based heterologous protein expression cas- 
sette constructs were utilized to measure heterologous pro- 
tein expression and secretion, as described below. 

[0440] The pPL2 based heterologous protein expression 
cassette constructs were incorporated into the tRNA Ars gene 
in the genome of selected Listeria strains, according to the 
methods as described previously [Lauer et. al., J. Bacteriol. 
184, 4177-4186 (2002)]. Briefly, the pPL2 heterologous 
protein expression cassette constructs plasmid was first 
introduced into the E. coli host strain SM10 (Simon et. al., 
Bio/Technology 1:784-791 (1983)] by electroporation or by 
chemical means. Subsequently, the pPL2-based plasmid was 
transferred from transformed SM10 to the selected Listeria 
strains by conjugation. Following incubation on drug-selec- 
tive BHI agar plates containing 7.5 tig of chloramphenicol 
per ml and 200 /ig of streptomycin per ml as described, 
selected colonics arc purified by passaging 3 times on plates 
with the same composition. To verify integration of the 
pPL2 vector at the phage attachment site, individual colo- 
nies are picked and screened by PCR using the primer pair 
of forward primer NC 16 (5'-gtcaaaacatacgctcttatc-3 r (SEQ 
ID NO: 94)) and reverse primer PL95 (5'-acataatcagtccaaag- 
tagatgc-3' (SEQ ID NO:95)). Selected colonies having the 
pPL2-based plasmid incorporated into the TRNA Ars gene in 
the genome of selected Listeria strains yielded a diagnostic 
DNA amplicon of 499 bps. 

[0441] B. Promoter 

[0442] Heterologous protein expression cassettes con- 
tained the prfA-dcpcndcnt hly promoter, which drives the 
transcription of the gene encoding Listeriolysin O (LLO), 
and is activated within the microenvironment of the infected 
cell. Nucleotides 205586-206000 (414 bps) were amplified 
by PCR from Listeria monocytogenes, strain DP-L4056, 
using the primer pair shown below. The region amplified 
includes the hly promoter and also the first 28 amino acids 
of LLO, comprising the secAl signal peptide (see above) 
and PEST domain. The expected sequence of this region for 
Listeria monocytogenes, strain EGD can be found in Gen- 
Bank (Accession number: gi|16802048|ref|NC_003210.1| 
[16802048]). The primers used in the PCR reaction are as 
follows: 



[0443] Primer Pair: 



Forward (KpnI-LLO nts. 125 7-1276): 

5 ' -CTCTGGTACCTCCTTTGATTAGTATATTC (SEQ ID NO: 74) 
Reverse (Barn HI-LLO nts.) : 

5 ' -CTCTGGATCCATCCGCGTGTTTCTTTTCG (SEQ ID NO: 84) 

[0444] (Restriction endonuclease recognition sites are 
underlined.) 

[0445] The 422 bp PCR amplicon was cloned into the 
plasmid vector pCR-XL-TOPO (Invitrogen, Carlsbad, 
Calif.), according to the manufacturer's specifications. The 
nucleotide sequences of Lfste/70-spccific bases in the pCR- 
XL-TOPO-hly promoter plasmid clone was determined. 
Listeria monocytogenes strain DP-L4056 contained eight 
nucleotide base changes flanking the prfA box in the hly 
promoter, as compared to the EGD strain. The hly promoter 
alignment for the Listeria monocytogenes DP-L4056 and 
EGD strains is shown in FIG. 1 below. 

[0446] The 422 bp DNA corresponding to the hly pro- 
moter and secAl LLO signal peptide were liberated from the 
pCR-XL-TOPO-hly promoter plasmid clone by digestion 
with Kpn I and Bam HI, and cloned into the pPL2 plasmid 
vector (Lauer et. al. 2002 J. Bact.), according to conven- 
tional methods well-known to those skilled in the art. This 
plasmid is known as pPL2-hlyP (native). 

[0447] C. Shine-Dalgarno Sequence 

[0448] At the 3' end of the promoter is contained a 
poly-purine Shine-Dalgamo sequence, the element required 
for engagement of the 30S ribosomal subunit (via 16S 
rRNA) to the heterologous gene RNA transcript and initia- 
tion of translation. The Shine-Dalgamo sequence has typi- 
cally the following consensus sequence: 5'-NAGGAGGU- 
N 5 _ 10 -AUG (start codon)-3' (SEQ ID NO:85). There are 
variations of the poly-purine Shine-Dalgamo sequence 
Notably, the Listeria hly gene that encodes listerolysin O 
(LLO) has the following Shine-Dalgarno sequence: AAG- 
GAGAGTGAAACCCATG (SEQ ID NO:70) (Shine-Dal- 
garno sequence is underlined, and the translation start coclon 
is bolded). 

Example 4 

Polynucleotides Encoding a Fusion Protein 
Comprising a secAl Signal Peptide (LLO) and 
Human EphA2 

[0449] The sequence of an expression cassette encoding 
the full-length human EphA2 antigen fused to a secAl 
signal peptide (LLO signal peptide), plus the LLO PEST 
sequence, is shown in FIG. 2. The amino acid sequence of 
the fusion protein encoded by this expression cassette is 
shown in FIG. 3. 

Example 5 

Codon-Optimization of the Extracellular Domain of 
Human EphA2 (EX2) 

[0450] The sequence encoding the extracellular domain of 
human EphA2 (amino acids 25-526) has been codon -opti- 
mized for expression in Listeria monocytogenes. The native 
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nucleotide sequence encoding the extracellular domain of 
human EphA2 is shown in FIG. 4. The nucleotide sequence 
for optimal codon usage in Listeria is shown in FIG. 5. The 
amino acid sequence of the extracellular domain of human 
EphA2 is shown in FIG. 6. 

Example 6 

Polynucleotides Encoding an Fusion Proteins 
Comprising a secAl Signal Peptide (LLO) and the 
Extracellular Domain of huEphA2 (EX2) 

[0451] A. Polynucleotide Without Codon-Optimization 

[0452] The sequence of a polynucleotide encoding the 
extracellular domain of human EphA2 antigen fused to a 
secAl signal peptide (LLO signal peptide), plus the LLO 
PEST sequence, is shown in FIG. 7. The amino acid 
sequence of the fusion protein encoded by this expression 
cassette is shown in FIG. 8. 

[0453] B. Expression Cassette With Codon -Optimized 
Extracellular Domain of Human EphA2 

[0454] The sequence of an expression cassette encoding 
the extracellular domain of human EphA2 antigen fused to 
a secAl signal peptide (LLO signal peptide), plus the LLO 
PEST sequence, in which the sequence encoding the extra- 
cellular domain of EphA2 is codon-optimized for expression 
in Listeria monocytogenes, is shown in FIG. 9. The amino 
acid sequence of the fusion protein encoded by this expres- 
sion cassette is shown in FIG. 10. 

[0455] C. Expression Cassette With Codon-Optimized 
secAl Signal Peptide and Codon-Optimized Extracellular 
Domain of Human EphA2 

[0456] The sequence of an expression cassette encoding 
the extracellular domain of human EphA2 antigen fused to 
a secAl signal peptide (LLO signal peptide), plus the LLO 
PEST sequence, where the sequences encoding the extra- 
cellular domain of EphA2, signal peptide and PEST 
sequence arc all codon-optimized for expression in Listeria 
monocytogenes, is shown in FIG. 11. The amino acid 
sequence of the fusion protein encoded by this expression 
cassette is shown in FIG. 12. 

Example 7 

Codon-Optimized Expression Cassette Encoding a 
Fusion Protein Comprising a Tat Signal Peptide (B. 
subtilis phoD) and Extracellular Domain of 
huEphA2 (EX2) 

[0457] The sequence of an expression cassette encoding 
the extracellular domain of EphA2 antigen fused to a Tat 
signal peptide (B. subtilis phoD) where the sequences 
encoding the extracellular domain of EphA2 and the signal 
peptide are all codon-optimized for expression in Listeria 
monocytogenes, is shown in FIG. 13. The amino acid 
sequence of the fusion protein encoded by this expression 
cassette is shown in FIG. 14. 

Example 8 

Codon-Optimization of the Intracellular Domain of 
Human EphA2 (CO) 

[0458] The sequence encoding the intracellular domain of 
human EphA2 (amino acids 558-975) has been codon- 



optimized for expression in Listeria monocytogenes. The 
native nucleotide sequence encoding the extracellular 
domain of human EphA2 is shown in FIG. 15. The nucle- 
otide sequence for optimal codon usage in Listeria is shown 
in FIG. 16. The amino acid sequence of the extracellular 
domain of human EphA2 is shown in FIG. 17. 

Example 9 

Polynucleotides Encoding Fusion Proteins 
Comprising a secAl Signal Peptide (LLO) and 
Intracellular Domain of huEphA2 (CO) 

[0459] A. Polynucleotide Without Codon-Optimization 

[0460] The sequence of a polynucleotide encoding the 
intracellular domain of human EphA2 antigen fused to a 
secAl signal peptide (LLO), plus the LLO PEST sequence, 
is shown in FIG. 18. The amino acid sequence of the fusion 
protein encoded by this expression cassette is shown in FIG. 
19. 

[0461] B. Expression Cassette With Codon-Optimized 
Intracellular Domain of Human EphA2 

[0462] The sequence of an expression cassette encoding 
the intracellular domain of huEphA2 antigen fused to a 
secAl signal peptide (LLO signal peptide), plus the LLO 
PEST sequence, in which the sequence encoding the intra- 
cellular domain of EphA2 is codon-optimized for expression 
in Listeria monocytogenes, is shown in FIG. 20. The amino 
acid sequence of the fusion protein encoded by this expres- 
sion cassette is shown in FIG. 21. 

[0463] C. Expression Cassette With Codon -Optimized 
secAl Signal Peptide and Codon-Optimized Intracellular 
Domain of Human EphA2 

[0464] The sequence of an expression cassette encoding 
the intracellular domain of EphA2 antigen fused to a secAl 
signal peptide (LLO signal peptide), plus the LLO PEST 
sequence, where the sequences encoding the intracellular 
domain of EphA2, signal peptide and PEST sequence are all 
codon-optimized for expression in Listeria monocytogenes, 
is shown in FIG. 22. The amino acid sequence of the fusion 
protein encoded by this expression cassette is shown in FIG. 
23. 

Example 1.0 

Codon-Optimized Expression Cassette Encoding a 
fusion Protein Comprising B. subtilis phoD Signal 
Peptide and Intracellular Domain of huEphA2 (CO) 

[0465] 'ITie sequence of an expression cassette encoding 
the intracellular domain of EphA2 antigen fused to a Tat 
signal peptide (B. subtilis phoD) where the sequences 
encoding the intracellular domain of EphA2 and the signal 
peptide are all codon-optimized for expression in Listeria 
monocytogenes, is shown in FIG. 24. The amino acid 
sequence of the fusion protein encoded by this expression 
cassette is shown in FIG. 25. 

Example 11 

Codon-Optimized Expression Cassette Encoding a 
Fusion Protein Comprising LLO Signal Peptide and 
NY-ESO-i 

[0466] An expression cassette was designed for expres- 
sion of the human testis cancer antigen NY-ESO-1 (Genbank 
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Accession No. NM_001327) in Listeria monocytogenes. 
The sequence of the expression cassette encoding the NY- 
ESO-1 fused lo a secAl signal peptide (LLO), plus the LLO 
PEST sequence, is shown in FIG. 26. The sequences coding 
for the antigen as well as the signal peptide in the expression 
cassette were codon-optimized for expression in Listeria 
monocytogenes. The amino acid sequence of the fusion 
protein encoded by this expression cassette is shown in FIG. 
27. 

Example 12 

Codon-Optimized Expression Cassette for Encoding 
Antigens Fused to a Non-Listerial secAl Signal 
Peptide (L. Lactis usp45) 

[0467] An expression cassette was designed for expres- 
sion of heterologous antigens in Listeria monocytogenes 
using a non-Listerial secAl signal peptide. The amino acid 
sequence of the usp45 signal peptide from Laclococcus 
lactis (Steidler et al., Nature Biotechnology, 21:785-9 
(2003)), its native coding sequence, and the coding sequence 
optimized for expression in Listeria monocytogenes is 
shown below. 



Amino acid sequence: 

(SEQ ID NO: 46) 

MKKKIISAILMSTVILSAAAPLSGVYA'DT 

(SEQ ID N0:55) 
Signal peptidase recognition site: VYA-DT 

Native nucleotide sequence: 

(SEQ ID NO: 86) 
5 ' ATGAAAAAAAAGATTATCTCAGCTATTTTAATGTCTACAGTGATACTT 
TCTGCTGCAGCCCCGTTGTCAGGTGTTTACGCTGACACA3 1 

Codon6 optimized for expression in Listeria 
monocytogenes : 

(SEQ ID NO: 87) 
5 ' ATGAAAAAAAAAATTATTAGTGCAATTTTAATGAGTACAGTTATTTTA 
AGTGCAGCAGCACCATTAAGTGGTGTTTATGCAGATACA3 1 

[0468] The sequence of a partial expression cassette com- 
prising the hly promoter from Listeria monocytogenes oper- 
ably linked to the codon-optimized sequence encoding the 
Usp45 signal peptide is shown in FIG. 28. This sequence 
can be combined with either a codon-optimized or non- 
et xlnn -optimized antigen sequence for expression of a fusion 
protein comprising the Usp45 signal peptide and the desired 
antigen. 

Example 13 

Codon-Optimizcd Expression Cassette and Vector 
for Encoding Antigens Fused to a secA2 Signal 
Peptide (p60) 

[0469] A. Design of Codon-Optimized Expression Cas- 
sette 

[0470] An expression cassette was designed for expres- 
sion of heterologous antigens in Listeria monocytogenes 
using the secA2 secretion pathway. The amino acid 
sequence of the p60 signal peptide from Listeria monocy- 
togenes, its native coding sequence, and the coding sequence 
optimized for expression in Listeria monocytogenes is 
shown below. 



Amino acid sequence: 

(SEQ ID NO: 48) 

MNMKKATIAATAGIAVTAEAAPTIASA' ST 

(SEQ ID NO:57) 
Signal peptidase recognition site: ASA-ST 

Native nucleotide sequence: 

(SEQ ID NO: 90 ) 
5 ' ATGAATAT GAAAAAAGC AACTATC GCGGCT AC AGCTGGGATTGCGGT 
AACAGCATTTGCTGCGCCAACAATCGCATCCGCAAGCACA3 ' 

Codons optimized for expression in Listeria 
monocytogenes : 

(SEQ ID NO:91) 
5 ' ATGAATATGAAAAAAGCAACAATTGCAGCAACAGCAGGTATTGCAGT 
TACAGCATTTGCAGCACCAACAATTGCAAGTGCAAGTACA3 1 

[0471] The sequence of a partial expression cassette com- 
prising the hly promoter from Listeria monocytogenes oper- 
ably linked to the native sequence encoding the p60 signal 
peptide is shown in FIG. 29. The sequence of a partial 
expression cassette comprising the hly promoter from List- 
eria monocytogenes operably linked to the codon-optimized 
sequence encoding the p60 signal peptide is shown in FIG. 
30. 

[0472] B. Construction of pPL2-hlypro_p60. 

[0473] An expression cassette can also be constructed in 
which the antigen-encoding sequence is inserted in frame in 
one or more sites within the coding sequence of the p60 
gene. A description of the construction of a partial expres- 
sion cassette useful for inserting antigen sequences in frame 
within the p60 sequence is described below. This partial 
expression cassette contains an hly promoter. 

[0474] Individual primary PCR reactions using Pfx or 
Vent polymerase are performed using the following primers 
and pPL2-hlyP-OVA (identical to pPL2/LLO-OVA 
described above in Example 2A) as a first template: 

pPL2-5F: 

(SEQ ID NO: 92) 

5 ' -GACGTCAATACGACTCACTATAG 
p60-hlyP-237R: 

(SEQ ID NO:93) 
5 1 - CT TTTTTCATATTCATGGGTTT CACTCTCCT TC TAC 



[0475] The size of the resulting amplicon is 285 bps. 

[0476] Individual primary PCR reactions using Pfx or 
Vent polymerase arc also performed using the following 
primers and pCR-TOPO-p60 as a second template. (The 
vector pCR-TOPO-p60 is made from a pCR-TOPO vector 
obtained from Invitrogen, Carlsbad, Calif, in which the 
genomic p60 sequence from Listeria monocytogenes has 
been inserted. Any other of the many alternative sources of 
the p60 coding sequence that are available could be used as 
a template instead.) The primers used in this PCR reaction 
are as follows: 



hlyP-p60-l F: 

(SEQ ID NO:88) 
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-continued 

5 ' - AAGG AG AGTGAAACC C ATG AAT ATGAAAAAAGCAAC 
pCR-TOPO-228 3R: 

(SEQ ID NO:89) 

5 ' - GTGT GATGGAT ATCTGC AGAATTC 

[0477] The size of the resulting amplicon is 1510 bps. The 
PCR reactions arc then cleaned with S6 columns (Bio-Rad 
Laboratories, Hercules, Calif.). 

[0478] A secondary FCR reaction is then performed, using 
approximately 5 //l of each primary PCR reaction as tem- 
plate. The secondary PCR reaction uses the following prim- 
ers: Kpnl-LLO 1257F (primer used previously): 5'CTCTG- 
GTACCTCCnTGATTAGTATATTC (SEQ ID NO:74) and 
pCR-TOPO-2258R: S'-CCCTTGGGGATCCTTAXT- 
TATACG (SEQ ID NO:83). The size of the resulting ampli- 
con is 1715 bps. The expected amplicon sizes in all PCR 
reactions are verified by agarose gel analysis. The secondary 
PCR reaction is cleaned, digested with BamHI, cleaned 
again, and digested with KpnI. The hlyP-p60 gene fragment 
(KpnI-BamI II) (FIG. 30) is then ligated between the BamHI 
and KpnI sites of both pPL2 and modified p AM 401 
(pAM401-MCS; FIG. 32) plasmids. 

[0479] The construction of pPL2-p60 plasmid is then 
confirmed with BamH/Kpnl (1697, 6024 bps) and Hindlll 
(210, 424, 3460, 3634 bps) digests. The PstI site in pPL2- 
p60 plasmid is also confirmed as unique. (Also, KpnI/PstI 
digest will yield fragments of 736 and 6985 bps.) The 
construction of the pAM4()1 -p60 plasmid (Kpnl/Pstl, and 
KpnI/BamHI fragments from p60 region is the same as that 
for the pPL2 construct. 

[0480] Large prep isolations of each plasmid are then 
prepared using methods known to those of ordinary skill in 
the art. 

[0481] The desired antigen-encoding sequences can then 
be inserted within the p60 sequence and in the same trans- 
la tional frame as the p60 sequence using techniques well 
known to those of ordinary skill in the art. Typically, the 
insertion or insertions should leave the N-tcrminal signal 
peptide sequence of p60 intact. The C-terminal autolysin 
sequence of p60 should also be left intact. 

Example 14 

Codon-Optimization of Human 
Mesot he 1 in -Encoding Sequences for Expression in 
Listeria monocytogenes 

[0482] A codon-optimized polynucleotide sequence 
encoding human mesothelin, a cancer antigen, is shown in 
FIG. 33. The sequence shown in FIG. 32 has been codon- 
oplimi/ed for expression in listeria monocytogenes. The 
polypeptide sequence encoded by the sequence in FIG. 33 
is shown in FIG. 34. 

Example 15 

Codon-Optimization of Murine 
Mesothelin- Encoding Sequences for Expression in 
Listeria monocytogenes 

[0483] A codon-optimized polynucleotide sequence 
encoding human mesothelin, a cancer antigen, is shown in 



FIG. 35. The sequence shown in FIG. 35 has been codon- 
optimized for expression in Listeria monocytogenes. The 
polypeptide sequence encoded by the sequence in FIG. 35 
is shown in FIG. 36. 

Example 16 

Integration of an Expression Cassette into the 
Listeria chromosome via Allelic Exchange 

[0484] As one possible alternative to using an integration 
vector such as pPL2 to insert the heterologous gene expres- 
sion cassette into the chromosome of Listeria, allelic 
exchange may be used. 

[0485] Briefly, bacteria electroporated with the pKSV7- 
heterologous protein expression cassette plasmid are 
selected by plating on BHI agar media containing chloram- 
phenicol (10 //g/ml), and incubated at the permissive tem- 
perature of 30° C. Single crossover integration into the 
bacterial chromosome is selected by passaging several indi- 
vidual colonies for multiple generations at the non-permis- 
sive temperature of 41° C. in media containing chloram- 
phenicol. Finally, plasmid excision and curing (double 
cross-over) is achieved by passaging several individual 
colonies for multiple generations at the permissive tempera- 
ture of 30° C. in BHI media not containing chloramphenicol. 
Verification of integration of the heterologous protein 
expression cassette into the bacteria chromosome is verified 
by PCR, utilizing a primer pair that amplifies a region 
defined from within the heterologous protein expression 
cassette to the bacterial chromosome targeting sequence not 
contained in the pKSV7 plasmid vector construct. 

Example 17 

Cloning and Insertion of EphA2 into pPL2 Vectors 
for Expression in Selected Recombinant Listeria 
monocytogenes Strains 

[0486] The external (EX2) and cytoplasmic (CO) domains 
of EphA2 which Hank the EphA2 transmembrane helix were 
cloned separately for insertion into various pPL2-signal 
peptide expression constructs. Genes corresponding to the 
native mammalian sequence or codon-optimized for expres- 
sion in Listeria monocytogenes of EphA2 EX2 and CO 
domains were used. The optimal codons in Listeria (see 
Table 3, above) for each of the 20 amino acids were utilized 
for codon-optimized EphA2 EX2 and EphA2 CO. The 
codon-optimized EphA2 EX2 and CO domains were syn- 
thesized by extension of overlapping oligonucleotides, using 
techniques common to those skilled in the art. The expected 
sequence of all synthesized EphA2 constructs was verified 
by nucleotide sequencing. 

[0487] The primary amino acid sequences, together with 
the native and codon-optimized nucleotide sequences for the 
EX2 and CO domains of EphA2 are shown in FIGS. 4-6 
(EX2 sequences) and FIGS. 15-17 (CO domain sequences) 

[0488] Additonally, FLAG (Stratagene, La Jolla, Calif.) 
and myc epitope lags were inserted, respectively, in- frame at 
the amino and carboxy termini of synthesized EphA2 EX2 
and CO genes for detection of expressed and secreted 
EphA2 by Western blot analysis using antibodies specific for 
the FLAG or proteins. Thus, the expressed protein had the 
following ordered elements: NH 2 -Signal Peptide-FLAG- 
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EphA2-myc-C0 2 . Shown below are the FLAG and myc 
epitope tag amino acid and codon-optimized nucleotide 
sequences: 

FLAG: 

5 1 -GATTATAAAGATGATGATGATAAA (SEQ ID NO: 96) 

NH 2 -DYKDDDDK-C0 2 (SEQ ID NO: 97) 
Myc: 

5 ' -GAACAAAAATTAATTAGTGAAGAAGATTTA (SEQ ID NO: 98) 

NH 2 -EQKLISEEDL-C0 2 (SEQ ID NO: 99) 

Example 18 

Detection of Synthesized and Secreted 
Heterologous Proteins by Western Blot Analysis 

[0489] Synthesis of EphA2 protein and secretion from 
various selected recombinant Listeria -EphA2 strains was 
determined by Western blot analysis of trichloroacetic acid 
(TCA) precipitated bacterial culture fluids. Briefly, mid-log 
phase cultures of Listeria grown in BHI media were col- 
lected in a 50 mL conical centrifuge tube, the bacteria were 
pelleted, and ice-cold TCA was added to a final [6%] 
concentration to the bacterial culture supernatant and incu- 
bated on ice minimally for 90 min or overnight. 'Itie 
TCA-precipitatecl proteins were collected by centrifiigation 
at 2400xg for 20 min at 4° C. The pellet was then resus- 
pended in 300-600 ;/l volume of TE, pH 8.0 containing 15 
/ig/ml phenol red. Sample dissolution was facilitated by 
vortexing. Sample pH was adjusted by NH 4 0H addition if 
necessary until color was pink. All samples were prepared 
for electrophoresis by addition of 100 /d of 4xSDS loading 
buffer and incubating for 10 min. al 90° C. ITie samples were 
then centrifuged from 5 min at 14,000 rpm in a micro- 
centrifuge, and the supcrnatants collected and stored at -20° 
C. For Western bolt analysis, 20 fd of prepared fractions (the 
equivalent of culture fluids from of l-4xl0 9 bacteria), were 
loaded on the 4-12% SDS-PAGE gel, electrophoresed, and 
the proteins were transferred to PDDF membrane, according 
to common methods used by those skilled in the art. Trans- 
ferred membranes were prepared s for incubation with 
antibody, by incubating in 5% dry milk in PBS for 2 nr. at 
room temperature with agitation. Antibodies were used 
under the following dilutions in PBS T buffer (0.1% Tween 
20 in PBS): (1) Rabbit anti-Myc polyclonal antibody (ICL 
laboratories, Newberg, Oreg.) at 1:10,000; (2) murine anti- 
FLAG monoclonal antibody (Stratagene, La Jolla, Calif.) at 
1:2,000; and, (3) Rabbit anti-EphA2 (carboxy terminus- 
specific) polyclonal antibody (sc-924, Santa Cruz Biotech- 
nology, Inc., Santa Cruz, Calif.). Specific binding of anti- 
body to protein targets was evaluated by secondary 
incubation with goat anti-rabbit or anti-mouse antibody 
conjugated with horseradish peroxidase and detection with 
the ECL chcmilumcncsccncc assay kit (Amersham), and 
exposure to film. 



Example 19 

Secretion of EphA2 Protein by Recombinant 
Listeria Encoding Various Forms of EphA2 

[0490] A. Listeria: [strains DP-L4029 (actA) or 
DP-L4017 (LLO L461T)] 

[0491] Expression Cassette Construct: LLOss-PEST-CO- 
EphA2 

[0492] The native sequence of the EphA2 CO domain was 
genetically fused to the native secAl LLO sequence, and the 
heterologous antigen expression cassette under control of 
the Listeria hly promoter was inserted into the pPL2 plasmid 
between the Kpn I and Sac I sites as described above. The 
pPL2-EphA2 plasmid constructs were introduced by conju- 
gation into the Listeria strains DP-L4029 (actA") and DP- 
L4017 (L461T LLO) as described above. FIG. 37 shows the 
results of a Western blot analysis of TCA-precipitated bac- 
terial culture fluids of 4029-EphA2 CO and 4017-EphA2 
CO. This analysis demonstrated that recombinant Listeria 
engineered to contain a heterologous protein expression 
cassette comprised of native sequences corresponding to the 
secAl and EphA2 CO fusion protein secreted multiple 
EphA2 -specific fragments that were lower than the 52 kDa 
expected molecular weight, demonstrating the need for 
modification of the expression cassette. 

[0493] B. Listeria: [DP-L4029 (actA")] 

[0494] Expression Cassette Constructs: 

[0495] 1 . Native LLOss-PEST-FLA G-EX2_Eph A2-myc- 
CodonOp 

[0496] 2. (CodonOp) LLOss-PEST-(CodonOp)FLA 
G-EX2_EphA2-myc 

[0497] The native secAl LLO signal peptide sequence or 
secAl LLO signal peptide sequence codon-optimized for 
expression in Listeria was fused genetically with the EphA2 
EX2 domain sequence codon-optimized for expression in 
Listeria, and the heterologous antigen expression cassette 
under control of the Listeria hly promoter was inserted into 
the pPL2 plasmid between the Kpn I and Sac I sites as 
described above. The pPL2-EphA2 plasmid constructs were 
introduced by conjugation into the Listeria strain DP-L4029 
(actA) as described above. FIG. 38 shows the results of a 
Western blot analysis of TCA-precipitated bacterial culture 
fluids of Listeria actA encoding cither the native or codon- 
optimized secAl LLO signal peptide fused with the codon- 
optimized EphA2 EX2 domain. This analysis demonstrated 
that the combination of utilizing sequence for both signal 
peptide and heterologous protein optimized for the preferred 
codon usage in Listeria monocytogenes resulted in expres- 
sion of the expected full-length EphA2 EX2 domain protein. 
Expression of full-length EphA2 EX2 domain protein was 
poor with codon-optimization of the EphA2 coding 
sequence alone. The level of heterologous protein expres- 
sion (fragmented or full-length) was highest when utilizing 
the Listeria monocytogenes LLO secAl signal peptide, 
codon-optimized for expression in Listeria monocytogenes. 
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[0498] C. Listeria: [DP-L4029 (actA)] 

[0499] Expression Cassette Constructs: 

[0500] 3. Native LLOss-PEST-(CodonOp) FLAG- 
EphA2_CO-myc 

[0501] 4. CodonOp LLOss-PEST-(CodonOp) FLAG- 
EphA2_CO-myc 

[0502] 5. CodonOp PhoD-(CodonOp) FLAG- 
EphA2_CO-myc 

[0503] The native secAl LLO signal peptide sequence or 
the secAl LLO signal peptide sequence codon-optimized for 
expression in Listeria, or, alternatively, the Tat signal pep- 
tide of the phoD gene from Bacillus subtilis codon-opti- 
mized for expression in Listeria, was fused genetically with 
the EphA2 CO domain sequence codon-optimized for 
expression in Listeria, and the heterologous antigen expres- 
sion cassette under control of the Listeria hly promoter was 
inserted into the pAM401-MCS plasmid between the Kpn I 
and Sac I sites as described above. The pAM401-EphA2 
plasmid constructs were introduced by electroporation into 
the Listeria strain DP-L4029 (actA) as described above. 
FIG. 39 shows the results of a Western blot analysis of 
TCA-precipitated bacterial culture fluids of Listeria actA 
encoding either the native or codon-optimized secAl LLO 
signal peptide, or codon-optimized Bacillus subtilis phoD 
Tat signal peptide fused with the codon-optimized EphA2 
CO domain. This analysis demonstrated once again that the 
combination of utilizing sequence for both signal peptide 
and heterologous protein optimized for the preferred codon 
usage in Listeria monocytogenes resulted in expression of 
the expected full-length EphA2 CO domain protein. Fur- 
thermore, expression and secretion of the expected full- 
length EphA2 CO domain protein resulted from recombi- 
nant Listeria encoding codon-optimized Bacillus subtilis 
phoD Tat signal peptide fused with the codon-optimized 
EphA2 CO domain. This result demonstrates the novel and 
unexpected finding that signal peptides from distinct bacte- 
rial species can be utilized to program the secretion of 
heterologous proteins from recombinant Listeria. Expres- 
sion of full-length EphA2 CO domain protein was poor with 
codon -optimization of just the EphA2 sequence. The level of 
heterologous protein expression was highest when utilizing 
signal peptides codon-optimized for expression in Listeria 
monocytogenes. 

[0504] D. Transfection of 293 Cells With pCDNA4 Plas- 
mids Encoding Full-Lcngth EphA2 

[0505] Expression Cassette Constructs: 

[0506] 6. pCDNA4-EphA2 

[0507] ITie native full-length EphA2 gene was cloned into 
the eukaryotic CMV promoter- based expression plasmid 
pCDNA4 (Invitrogen, Carlsbad, Calif.). FIG. 40 shows the 
results of a Western blot analysis of lysates prepared from 
293 cells transfected with the pCDNA4-EphA2 plasmid, and 
demonstrates the abundant expression in mammalian cells of 
full-length EphA2 protein. 

Example 20 

Therapeutic Efficacy in Balb/C Mice Bearing CT26 
Tumors Encoding Human EphA2 Immunized With 
Recombinant Listeria Encoding Codon-Optimized 
EphA2 

[0508] The following data presented in FIGS. 41-44 dem- 
onstrated the following: 

[0509] Immunization of Balb/C mice bearing CT26.24 
(huEphA2+) lung tumors with recombinant Listeria encod- 



ing OVA.AIIi (MMTV gp70 immunodominant epitope) or 
OVA.AH1-A5 (MMTV gp70 immunodominant epitope, 
with heteroclitic change for enhanced T-cell receptor bind- 
ing) confers long-term survival (FIG. 41). 

[0510] ITie EphA2 CO domain is strongly immunogenic, 
and a significant long term increase in survival of Balb/C 
mice bearing CT26.24 (huEphA2+) lung tumors was 
observed when immunized with recombinant Listeria 
encoding codon-optimized or native EphA2 CO domain 
sequence (FIG. 43). 

[0511] The EphA2 EX2 domain is poorly immunogenic, 
and increased survival of Balb/C mice bearing CT26.24 
(huEphA2+) lung tumors was observed only when immu- 
nized with recombinant Listeria encoding codon-optimized 
secAl signal peptide fused with the codon-optimized EphA2 
EX2 domain sequence. Therapeutic efficacy was not 
observed in mice when immunized with recombinant List- 
eria encoding native secAl signal peptide fused with the 
codon-optimized EphA2 EX2 domain sequence (FIG. 42). 
The desirability of using both codon-optimized secAl signal 
peptide and EphA2 EX2 domain sequences was supported 
by statistically significant therapeutic anti-tumor efficacy, as 
shown in Table 4, below. 

TABLE 4 



Comparison by log-rank test of survival curves shown in FIG. 42. 



Experimental Group 


Median 
Survival 
(Days) 


Significance 

versus 
HBSS cohort 
(p value) 


Significance 

versus 
actA-native 
secA3/EphA2 
EX2 cohort 
(p value) 


HBSS 


19 






actA 


20 


NS 


NS 


actA-native secAJ- 


19 


NS 




EphA2 F.X2 (native) 








actA-native secAl- 


24 


U.0U35 


NS 


EphA2 EX2 (CodOp) 








actA-CodOp secAl- 


37 


0.0035 


0.0162 


EphA2 EX2 (CodOp) 








actA- native sccA 1- 


>99 


0.0035 


0.0015 


EphA2 CO (CodOp) 









[0512] Significantly, even though pCDNA4-EphA2 plas- 
mid transfected 293 cells yielded very high levels of protein 
expression, immunization of Balb/C mice bearing CT26.24 
(huEphA2+) lung tumors with the pCI)NA4-EphA2 plasmid 
did not result in any observance of therapeutic anti-tumor 
efficacy (FIG. 44). 

[0513] For therapeutic in vivo tumor studies, female 
Balb/C mice were implanted IV with 5xl0 5 CT26 cells 
stably expressing EphA2. Three days later, mice were ran- 
domized and vaccinated IV with various recombinant List- 
eria strains encoding EphA2. In some cases (noted in 
figures) mice were vaccinated with 100 //g of pCDNA4 
plasmid or pCDNA4-EphA2 plasmid in the tibialis anterior 
muscle. As a positive control, mice were vaccinated IV with 
recombinant Listeria strains encoding OVA. AH I or 
OVA.AH1-A5 protein chimeras. Mice were vaccinated on 
days 3 and 14 following tumor cell implantation. Mice 
injected with Hanks Balanced Salt Solution (HBSS) buffer 
or unmodified Listeria served as negative controls. All 
experimental cohorts contained 5 mice. For survival studies 
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mice were sacrificed when they started to show any signs of 
stress or labored breathing. 

Example 21 

Assessment of Antigen-Specific Immune Responses 
After Vaccination 

[0514] The vaccines of the present invention can be 
assessed using a variety of in vitro and in vivo methods. 
Some assays involve the analysis of antigen-specific T cells 
from the spleens of mice that have been vaccinated. Pro- 
vided in this example are non-limiting examples of methods 
of assessing in vitro and in vivo immune responses. The 
antigens recited in these exemplary descriptions of assays 
are model antigens, not necessarily antigens produced using 
the recombinant nucleic acid molecules, expression cas- 
settes, and/or expression vectors described herein. One of 
ordinary skill in the art will readily recognize that the assays 
described in this example can readily be applied for use in 
assessing the in vitro or in vivo immune responses of 
bacteria comprising the recombinant nucleic acid molecules, 
expression cassettes, and/or expression vectors described 
herein. 

[0515] For example C57B1/6 or Balb/c are vaccinated by 
intravenous injection of 0 1 LD 50 of a Listeria strain 
expressing OVA (or other appropriate antigen). Seven days 
after the vaccination, the spleen cells of the mice are 
harvested (typically 3 mice per group) by placing the spleens 
into ice cooled RPMI 1640 medium and preparing a single 
cell suspension from this. As an alternative, the lymph nodes 
of the mice could be similarly harvested, prepared as a single 
cell suspension and substituted for the spleen cells in the 
assays described below. Typically, spleen cells are assessed 
for intravenous or intraperitoneal administration of the vac- 
cine while spleen cells and cells from lymph nodes are 
assessed for intramuscular, subcutaneous or intradermal 
administration of the vaccine. 

[0516] Unless otherwise noted, all antibodies used in these 
examples can be obtained from Pharmingen, San Diego, 
Calif. 

[0517] E LIS POT Assay: Using a Listeria strain having an 
OVA antigen as an example, the quantitative frequency of 
antigen-specific T cells generated upon immunization in a 
mouse model is assessed using an ELI SPOT assay. The 
antigen-specific T cells evaluated are OVA specific CD8+ or 
LLO specific CD8+ or CD4+ T cells. This OVA antigen 
model assesses the immune response to a heterologous 
tumor antigen inserted into the vaccine and could be sub- 
stituted with any antigen of interest. The LLO antigen is 
specific to Listeria. The specific T cells are assessed by 
detection of cytokine release (e.g. IFN-y) upon recognition 
of the specific antigen. PVDF-based 96 well plates (BO 
Biosciences, San Jose, Calif.) are coated overnight at 4° C. 
with an anti-murinc IFN-y monoclonal antibody (mAb R4; 
5 //g/ml). The plates are washed and blocked for 2 hours at 
room temperature with 200 /<L of complete RPMI. Spleen 
cells from vaccinated mice (or non vaccinated control mice) 
are added at 2xl0 5 cells per well and incubated for 20 to 22 
hours at 37° C in the presence of various concentrations of 
peptides ranging from 0.01 to 10 //M. The peptides used for 
OVA and LLO are either SL8, an MHC class I epitope for 
OVA, LL0 390 (NEKYAQAYPNVS (SEQ ID NO: 100) 



Invitrogen) an MHC class II epitope for listeriolysin O 
(Listeria antigen), LL0 29rt (VAYGRQVYL (SEQ ID 
NO: 101) an MHC class I epitope for listeriolysin O, or 
UJO n (GYKIXjNEYI (SEQ ID NO: 102)), an MHC class I 
epitope for listeriolysin O. LLO J90 and LL0 296 arc used in 
a C57B1/6 model, while LLG 91 is used in a Balb/c model. 
After washing, the plates arc incubated with secondary 
biotinylated antibodies specific for IFN-y (XMG1.2) diluted 
in PBS to 0.5 //g/ml. After incubation at room temperature 
for 2 hours, the plates are washed and incubated for 1 hour 
at 37° C. with a 1 nm gold goat anti-biotin conjugate 
(GAB-1; 1:200 dilution; Ted Pella, Redding, Calif.) diluted 
in PBS containing 1% BSA. After thorough washing, the 
plates are incubated at room temperature for 2 to 10 minutes 
with substrate (Silver Enhancing Kit; 30 ml/well; Ted Pella) 
for spot development. The plates are then rinsed with 
distilled water to stop the substrate reaction. After the plates 
have been air-dried, spots in each well are counted using an 
automated ELI SPOT plate reader (CTL, Cleveland, Ohio). 
The cytokine response is expressed as the number of IFN-y 
spot-forming cells (SFCs) per 2x1 0 5 spleen cells for either 
the OVA specific T cells or the Listeria specific T cells 

[0518] Intracellular Cytokine Staining Assay (ICS): In 
order to further assess the number of antigen -specific CD8+ 
or CD4+ T cells and correlate the results with those obtained 
from ELISPOT assays, ICS is performed and the cells 
evaluated by How cytometry analysis. Spleen cells from 
vaccinated and control groups of mice are incubated with 
SL8 (stimulates OVA specific CD8+ cells) or LLO J90 
(stimulates LLO specific CD4+ cells) for 5 hours in the 
presence of Brefeldin A (Pharmingen). The Brefeldin A 
inhibits secretion of the cytokines produced upon stimula- 
tion of the T cells. Spleen cells incubated with an irrelevant 
MHC class I peptide are used as controls. PMA (phorbol- 
12-myristate-l3-acetate, Sigma) 20 ng/ml and ionomycin 
(Sigma) 2 ;/g/ml stimulated spleen cells are used as a 
positive control for IFN-y and TNF-a intracellular cytokine 
staining. For detection of cytoplasmic cytokine expression, 
cells are stained with FITC-anti-CD4 mAb (RM 4-5) and 
PerCP-anti-CD8 mAb (53-6.7), fixed and permeabilized 
with Cylofix/CyloPerm solution (Pharmingen), and stained 
with PE-conjugated anti-TNF-a mAb (MP6-XT22) and 
APC-conjugatcd anti-IFN-y mAb (XMG1 .2) for 30 minutes 
on ice. The percentage of cells expressing intracellular 
IFN-y and/or TNF-a was determined by flow cytometry 
(FACScalibur, Becton Dickinson, Mountain View, Calif.) 
and data analyzed using CELLQuest software (Becton Dick- 
inson Immunocytometry System). As the tluorescent labels 
on the various antibodies can all be distinguished by the 
FACScalibur, the appropriate cells are identified by gating 
for those CD8+ and CD4+ that are stained with either or 
both of the anti -IFN-y or anti-TNF-a. 

[0519] Cytokine Expression of Stimulated Spleen Cells: 
The level of cytokine secretion by the spleen cells of mice 
can also be assessed for control and vaccinated C57B1/6 
mice. Spleen cells are stimulated for 24 hours with SL8 or 
LL() 190 . Stimulation with irrelevant peptide HSV-gB2 
(Invitrogen, SSIEFARL, SEQ ID NO:4) is used as a control. 
Thcsupcrnatantsof the stimulated cells are collected and the 
levels of T helper- 1 and T helper 2 cytokines are determined 
using an ELISA assay (eBiosciences, CO) or a Cytometric 
Bead Array Kit (Pharmingen). 



US 2005/0249748 Al 



67 



Nov. 10, 2005 



[0520] Assessment of Cytotoxic T cell Activity: The OVA 
specific CD8+ T cells can be further evaluated by assessing 
their cytotoxic activity, either in vitro or directly in C57BI/6 
mouse in vivo. The CD8+ T cells recognize and lyse their 
respective target cells in an antigen-specific manner. In vitro 
cytotoxicity is determined using a chromium release assay. 
Spleen cells of naive and Listeria -OVA (internal) vaccinated 
mice are stimulated at a 10:1 ratio with either irradiated 
EG7.0VA cells (EL-4 tumor cell line transfected to express 
OVA, ATCC, Manassas, Va.) or with 100 nM SL8, in order 
to expand the OVA specific T cells in the spleen cell 
population. After 7 days of culture, the cytotoxic activity of 
the effector cells is determined in a standard 4-hour 51 Cr- 
release assay using EG7.0VA or SL8 pulsed EL-4 cells 
(ATCC, Manassas, Va.) as target cells and EL-4 cells alone 
as negative control. The YAC-1 cell line (ATCC, Manassas, 
Va.) is used as targets to determine NK cell activity, in order 
to distinguish the activity due to T cells from that due to NK 
cells. The percentage of specific cytotoxicity is calculated as 
lOOx (experimental release-spontaneous release)/(maximal 
release-spontaneous release). Spontaneous release is deter- 
mined by incubation of target cells without effector cells. 
Maximal release is determined by lysing cells with 0.1% 
Triton X-100. Experiments arc considered valid for analysis 
if spontaneous release is <20% of maximal release. 

[0521] For the assessment of cytotoxic activity of OVA- 
specific CD8+ T cells in vivo, spleen cells from naive 
C57B1/6 mice are split into two equivalent aliquots. Each 
group is pulsed with a specific peptide, either target (SL8) or 
control (HSV-gB2), at 0.5 /*g/ml for 90 minutes at 37° C. 
Cells are then washed 3 times in medium, and twice in 
PBS+0.1% BSA. Cells are resuspended at lxlO 7 per ml in 
warm PHS+0.1% BSA (10 ml or less) for labeling with 
carbo xy fluoresce in diacetate succinimidyl ester (CFSE, 
Molecular Probes, Eugene, Oreg.). To the target cell sus- 
pension, 1.25 uL of a 5 mM stock of CFSE is added and the 
sample mixed by vortex ing. To the control cell suspension, 
a ten- fold dilution of the CFSE stock is added and the 
sample mixed by vortcxing. The cells arc incubated at 37° 
C. for 10 minutes. Staining is stopped by addition of a large 
volume (>40 ml) of ice-cold PBS. The cells are washed 
twice at room temperature with PBS, then resuspended and 
counted. Each cell suspension is diluted to 50xl0 6 per ml, 
and 100 //L of each population is mixed and injected via the 
tail vein of either naive or vaccinated mice. After 12-24 
hours, the spleens are harvested and a total of 5xl0 6 cells are 
analyzed by How cytometry. The high (target) and low 
(control) fluorescent peaks are enumerated, and the ratio of 
the two is used to establish the percentage of target cell lysis. 
The in vivo cytotoxicity assay permits the assessment of 
lytic activity of antigen-specific T cells without the need of 
in vitro re-slimulalion. Furthermore, this assays assesses the 
T cell function in their native environment. 

Example 22 

Human EphA2 -Specific Immunity Induced by 
Vaccination of Balb/c Mice With Listeria Strains 
Expressing EphA2 

[0522] Balb/c mice (n=3) were immunized with Listeria 
L46 IT expressing the intracellular domain of hEphA2 (List- 
eria hEphA2-ICD in FIG. 45) or an AactA(actA~) strain of 
Listeria expressing the extracellular domain of hEphA2 



from a sequence codon-optimized for expression in L. 
monocytogenes (Listeria hEphA2-ECD in FIG. 45) two 
weeks apart, ( llie intracellular domain of hEphA2 is alter- 
natively referred to herein as hEphA2-ICD, hEphA2 ICD, 
EphA2 CO, or CO. The extracellular domain of hEphA2 is 
alternatively referred to herein as hEphA2-ECD, hEphA2 
ECD, EphA2 EX2, or EX2.) Mice were euthanized, and 
spleens harvested and pooled 6 days after the last immuni- 
zation. For the ELISPOT assay, the cells were re-stimulated 
in vitro with P815 cells expressing full-length hEphA2 or 
cell lysates prepared from these cells. The parental P815 
cells or cell lysates served as a negative control. Cells were 
also stimulated with recombinant hEphA2 Fc fusion protein. 
IFN-gamma positive spot forming colonies (SFCs) were 
measured using a 96 well spot reader. As shown in FIG. 45, 
increased IFN-gamma SFCs were observed with spleen cells 
derived from mice vaccinated with Listeria-hEphAl. Both 
hEphA2 expressing cells or cell lysates stimulation resulted 
in an increase in IFN-gamma SFC which suggests an 
EphA2 -specific CD8+ as well as CD4+ T cell response. 
Spleen cells from mice vaccinated with the parental Listeria 
control did not demonstrate an increase in IFN-gamma SFC. 

Example 23 

CD4+ and CD8+ T Cell Responses are Required 
for EphA2 Specific Anti-Tumor Efficacy 

[0523] Balb/c mice (n=10) were inoculated i.v. with 2x1 0 5 
CT26-hEphA2 on day 0. CD4+ cells and CD8+ T-cells were 
depleted by injecting 200 //g anti-CD4 (ATCC hybridoma 
GK1.5) or anti-CD8 (ATCC hybridoma 2.4-3) on Days 1 
and 3, which was confirmed by FACS analysis (data not 
shown). Mice were then immunized i.v. with 0.1 LD 50 
Listeria L461T expressing hEphA2 ICD on Day 4 and 
monitored for survival. 

[0524] As shown in FIG. 46, both CD4+ and CD8+ 
depleted groups failed to demonstrate the anti-tumor 
response seen in the non-T cell depleted animals. 'ITie data 
are summarized in Table 5 below: 

TABLE 5 



Vaccination Group 



Median 
Survival 

(Days) P vs. HBSS 



# Survivors 
(Day 67) 



HBSS 

/./.v/flrifl-hEphA2-ICD 
/.M/flnfl-hEphA2-tCD h 
anti-CD4 

IJstf.ria-hEphA2-\C.D h 
anti-COS 



17 

>67 
19 

24 



<0.0001 
0.03 



0.0002 



[0525] The foregoing data indicate a requirement for both 
CD4+ and CD8+T cells in optimal suppression of tumor 
growth. 
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Example 24 

Deletion of inlB from Listeria by Allelic Exchange 

[0526] Bacteria comprising the recombinant nucleic acid 
molecules and expression cassettes described herein are, in 
some embodiments, mutant Listeria. For instance, in some 
embodiments, the bacteria comprising the recombinant 
nucleic acid molecules and expression cassettes are Listeria 
monocytogenes strains in which the act A gene, the inlB 
gene, or both, have been deleted. One exemplary method for 
generating a deletion mutant in Listeria is described below. 

[0527] Deletion of the internalin B gene (inlB) from 
Listeria DP-L4029 (or from other selected mutant strains or 
from wild -type Listeria) can be effected by allelic exchange, 
as described by Camilli et al., Mol. Microbiol. 8:143-147 
(1993). Splice Overlap Extension (SOE) PCR can be used to 
prepare the construct used in the allelic exchange procedure. 
The source of the internalin B gene is the sequence listed as 
Genbank accession number AL591975 (Listeria monocyto- 
genes strain EGO, complete genome, segment 3/12; inlB 
gene region: nts. 97008-98963), incorporated by reference 
herein in its entirety, and/or the sequence listed as Genbank 
accession number NC_003210 (Listeria monocytogenes 
strain EGD, complete genome, inlB gene region: nts. 
457008-458963), incorporated by reference herein in its 
entirety. 

[0528] In the primary PCR reactions, approximately 1000 
bps of sequence upstream and downstream from the Listeria 
in IB gene 5' and 3' ends, respectively, are amplified using the 
following template and primers: 

[0529] Template: DP-L4056 or DP-L4029 genomic 
DNA 

[0530] Primer pair 1 (For amplification of region 
upstream from 5' end of inlB): 

Lm-96031F: 

(SEQ ID NO:103) 

5 ' -GTTAAGTTTCATGTGGACGGCAAAG 
(T m : 72° C.) 

Lm-(3' inlB-R +) 97020R: 

(SEQ ID NO:104) 
5 * -AGGTCTTTTTCAGTTAACTATCCTCTCCTTGATTCTAGTTAT 
(T m : ,114° C.) 

[0531] (The underlined sequence complementary 
to region downstream of InlB carboxy terminus.) 

[0532] Amplicon Size (bps): 1007 

[0533] Primer pair 2 (For amplification of region 
downstream from 3' end of inlB): 

Lm-(5' inlB-F +) 98911F: 

(SEQ ID NO: 105) 
5 ' C AAGGAGAGG AT AGT TAAC TG AAAAAGACC TAAAAAAG AAGGC 
(T n : 118° C.) 

[0534] (The underlined sequence complementary 
to region upstream of InlB amino terminus.) 



Lm-99970R: 

5 1 -TCCCCTGTTCCTATAATTGTTAGCTC (SEQ ID NO: 106) 

<T m : 74° C.) 

Amplicon size (bps): 1074 

[0535] In the secondary PCR reaction, the primary PCR 
amplicons are fused through SOE PCR, taking advantage of 
complementarity between reverse primer from pair 1 and the 
forward primer of pair 2. This results in precise deletion of 
inlB coding sequence: nts. 97021-98910=1889 bps. The 
following template and primers were utilized in the second- 
ary PCR reaction: 

[0536] Template: Cleaned primary PCR reactions 

[0537] Primer pair: 



Lm-96043F: 

5 1 -GTGGACGGCAAAGAAACAACCAAAG (SEQ ID NO: 107) 

(T m : "74° C.) 

Lm-99964R: 

5 ' -GTTCCTATAATTGTTAGCTCATTTTTTTC (SEQ ID NO: 108) 
(T m : 74° C. ) 

(Amplicon size (bps): 2033) 

[0538] A protocol for completing the construction process 
is as follows: 

[0539] The primary PCR reactions (3 temperature cycle) 
are performed using Vent DNA polymerase (NEB) and 10 /d 
of a washed 30° C. Listeria DP-L4056 OR DP-L4029 
overnight culture. The expected size of Listeria amplicons 
by 1% agarose gel (1007 bps and 1074 bps). The primary 
PCR reactions are gel purified and the DNA eluted with 
GeneClean (BIO 101). 

[0540] A secondary PCR reaction is performed, utilizing 
approximately equal amounts of each primary reaction as 
template (ca. 5 //l). The expected size of the Listeria ampli- 
con from the secondary PCR reaction is verified by 1% 
agarose gel (2033 bps). Adenosine residue are added at the 
3' ends of Listeria dl inlB amplicon with Taq polymerase. 

[0541] The Listeria dl inlB amplicon is then inserted into 
a pCR2.1 -TOPO vector. I*he pCR2.1 -TOPO-dl inlB plasmid 
DNA is digested with Xhol and Kpnl and the 2123 bp 
fragment is gel purified. The KpnI/XhoI 2123 bp fragment 
is inserted into a pKSV7 vector that has been prepared by 
digestion with Kpnl and Xhol and treatment with CIAP 
(pKSV7-dl inlB). ITic fidelity of dl inlB sequence in 
pKSV7-dl inlB is then verified. The inlB gene is deleted 
from desired Listeria strains by allelic exchange with 
pKSV7-dl inlB plasmid. 

Example 25 

Codon-Optimized Signal Peptides for Construction 
of Recombinant Listeria 

[0542] Some exemplary codon-optimized signal peptides 
that can be used in the expression cassettes in the recombi- 
nant Listeria are provided in Table 6, below. 
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TABLE 6 



Exemplary signal peptides for construction of recombinant Listeria 

Signal Sig- 
nal 

Peptide Signal Sequence codon- 

Secretion Amino Acid peptidase peptidase optimized for Gene 

Pathway Sequence Site ( ' ) Native Sequence expression in Lm [Genus/species] 



secAl 


MKKIMLV 


TEA' KD 


ATGAAAAAAATAATG 


ATGAAAAAAATTATGTT hly (LLO) 




FITLILVSL 


(SEQ ID 


CTAGTTTTTATT ACAC AGTTTTTATTAC ATTAAT [ Li St er ia 




PIAQOTEA 


NO:54) 


TTATATTAGTTAGTCT TTTAGTTAGTTTACCAAT monocytogenes] 




KDASAFN 




ACCAATTGCGCAACA 


TGCACAAC AAAC AG AAG 




KENSISSM 




AACTGAAGCAAAGGA 


CAAAAGATGCAAGTGCA 




APPASPPA 




TGCATCTGCATTCAAT TTTAATAAAGAAAATAG 




SPKTPIEK 




AAAGAAAATTCAATT 


TATT AGTAGT ATGGCAC C 




KHAD 




TCATCCATGGCACCA 


ACCAGCAAGTCCACCAG 




(ony ID 




CCAGCATCTCCGCCTG CAAGTCCAAAAACACCA 




NO : 1 0 9 ) 1 




CAAGTCCTAAGACGC 


ATTGAAAAAAAACATGC 








CAATCGAAAAGAAAC 


AGAT 








ACGCGGAT (SEQ ID ( SEQ ID NO : 113) 








NO:110) 








VYA Ul 


ATGAAAAAAAAGATT 


ATGAAAAAAAAAATTAT Usp45 




TT MCTX7TT C 

ILiMb I V J. Lib 


( ±L) 


ATCTCAGCTATTTTAA T AGTGC AATTTT AATGAG [Lactococcus 




AAAPL.5G 


NO : 55 ) 


TGTCTACAGTGATACT TACAGTTATTTTAAGTGC 1 act is] 




ViAUL 




TFCTGCTGGAGCCCCG AGCAGCACCATTAAGTG 




(SEQ ID 




TTGTCAGGTGTITACG GTGTTTATGCAGATACA 




NO * 4 6 ) 




CTGAGACA (SEQ ID (SEQ ID NO: 87) 








NO:86) 






M WD VT7T 


IQA 


ATGAAAAAACGAAAA 


ATGAAAAAACGTAAAGT pag 




TT5T MAT CTT 


( SEQ ID 


GTGTTAATACCATTAA TTTAATTCCATTAATGGC (Protective 




LVSSTGNL 


NO:56) 


TGGCATTGTCTACGAT ATTAAGTACAAT TT TAGT Antigen ) 




EVIQAEV 




ATTAGTTTCAAGCAC 


TAGT AGTACAGGTAATTT [Bacillus 




(SEQ ID 




AGGTAATTTAGAGGT 


AGAAGTTATTCAAGCAG anthracis] 




NO: 47) 




GATTCAGGCAGAAGT 


AAGTT (SEQ ID 








T(SEQ ID NO: 


NO: 114) 








111) 




secA2 


MNMKKAT 


ASA ' ST 


ATGAATATGAAAAAA 


ATGAAT AT GAAAAAAGC iap 




IAATAGIA 


(SEQ ID 


GCAACTATCGCGGCT 


AACAATTGCAGCAACAG invasion - 




VTAFAAPT 


NO:57) 


ACAGCTGGGATTGCG 


CAGGTATTGCAGTTACAG associated pro- 










tein 




IASAST 




GTAACAGCATTTGCT 


CATTTGCAGCACCAACA p60 




(SEQ ID 




GCGCCAACAATCGCA 


ATTGCAAGTGCAAGTAC [Listeria 




NO: 48) 




TCCGCAAGCACT 


A (SEQ ID NO:91) monocytogenes] 








(SEQ ID NO: 90) 




Tat 


MAYDSRF 


VGA'F 


ATGGCATACGACAGT 


ATGGCATATGATAGTCGT PhoD 




DEWVQKL 


(SEQ ID 


CGTTTTGATGAATGG 


TTTGATGAATGGGTTCAA a lka 1 ine 




KEESFQNN 


NO:62) 


GTACAGAAACTGAAA 


AAATTAAAAGAAGAAAG phosphatase 




TFDRRKFI 




GAGGAAAGCTTTCAA 


TTTTCAAAATAATACATT [Bacillus 




QGAGKIA 




AAC AATAC GTTTGAC 


TGATCGTCGTAAATTTAT subtil is] 




GLSLGLTI 




CGCCGCAAATTTATTC TCAAGGTGCAGGTAAAA 




AQSVGAF 




AAGGAGCGGGGAAGA 


TTGCAGGTTTAAGTTTAG 




(SEQ ID 




TTGCAGGACTTTCTCT GTTTAACAATTGCACAAA 




NO:53) 




TGGATTAACGATTGC 


GTGTTGGTGCATTT 








CCAGTCGGTTGGGGC 


(SEQ ID NO: 115) 








CTTT (SEQ ID 










NO:112 ) 





'The sequence shown includes the PEST sequence from LLO. 



Example 26 

Codon-Optimized Expression Cassette Comprising 
Had Hits anthracis Protective Antigen (PA) Signal 
Peptide 

[0543] An expression cassette was designed for expres- 
sion of heterologous antigens in Listeria monocytogenes 
using a non-Listcrial secAl signal peptide. The amino acid 
sequence of the Protective Antigen (PA) signal peptide from 
Bacillus anthracis (Ba) (GenBank accession number 
NC_007322), its native coding sequence, and the coding 



sequence optimized for expression in Listeria monocytoge- 
nes are shown he low. 

Amino acid sequence: 

( SEQ ID NO:47) 

MKKRKVLIPLMALSTILVSSTGNLEVIQAEV 

Signal peptidase recognition site: 
IQA'EV (SEQ ID NO:56) 



US 2005/0249748 Al 



70 



Nov. 10, 2005 



-continued 

Native nucleotide sequence: 

(SEQ ID NO:iH) 
ATGAAAAAACGAAAAGTGTTAATACCATTAATGGCATTGTCTACGATATT 

AGTTTCAAGCACAGGTAATTTAGAGGTGATTCAGGCAGAAGTT 

Codons optimized for expression in Listeria monocy- 
togenes: 

(SEQ ID NO:114 ) 
ATGAAAAAACGTAAAGTTTTAATTCCATTAATGGCATTAAGTACAATTT 

TAGTTAGTAGTACAGGTAATTTAGAAGTTATTCAAGCAGAAGTT 

[0544] 'ITie sequence of a partial expression cassette com- 
prising the hly promoter from Listeria monocytogenes oper- 
ably linked to the codon -optimized sequence encoding the 
Ba PA signal peptide is shown in FIG. 47. This sequence can 
he combined with either a codon -optimized or no n -codon - 
optimized antigen sequence for expression of a fusion 
protein comprising the Bacillus anthracis PA signal peptide 
and the desired antigen. 

Example 27 

Expression and Secretion of Antigens from 
Recombinant Listeria Comprising 
Codon-Optimized Expression Cassettes 

[0545] Codon optimization of both signal peptide and 
tumor antigen provides efficient expression and secretion 
from recombinant Listeria: Codon-optimization of both 
signal peptide- and heterologous protein-encoding genetic 
elements provides optimal secretion from recombinant List- 
eria-based vaccines of human tumor antigens that contain 
hydrophobic domains. Efficient antigen secretion from cyto- 
solic bacteria is required tor efficient presentation via the 
MHC class I pathway and CD8+ T-ccll priming, and is thus 
linked directly to the potency of Listen a -based vaccines. 
Secretion from recombinant Listeria of two malignant celt 
membrane-bound human tumor antigens, mesolhelin and 
NY-ESO-1, which are immune targets related to pancreatic 
and ovarian cancer (mesolhelin), and melanoma (NY-ESO- 
1), among other solid tumors, has been optimized through 
codon-optimization of the combination of both the antigen 
and signal peptide coding sequences. 

[0546] A variety of expression, cassettes were const meted 
comprising the hly promoter linked to cither native or 
codon-optimized sequences encoding signal peptides related 
to secAl or alternative secretion pathways including secA2 
and Twin-Arg Translocation (Tat), fused in frame with a 
selected human tumor antigen — human NY-ESO-1 or 
human mesolhelin. (See Examples 11-14 and 25, above, for 
the antigen sequences and/or signal sequences.) Western blot 
analysis of TCA-precipitated culture fluids of Listeria grown 
in BHI broth was used to assess the synthesis and secretion 
of the heterologous proteins from the recombinant Listeria. 
(Methods analogous to those described in Example 18, 
above, were used for the Western blot analyses.) 

[0547] The results of these experiments are shown in FIG. 
48A-C Efficient expression and secretion of full-length 
tumor antigens from recombinant Listeria was observed 
when both signal peptide coding sequences, including when 
derived from Listeria monocytogenes, and operably linked 
foreign antigen coding sequences were optimized for codon 



usage in Listeria monocytogenes. FIG. 48A shows the 
expression/secretion of human mesothelin by £\<ic\A Listeria 
monocytogenes with a construct comprising an LLO signal 
peptide fused with human mesothelin, using native codons 
for both LLO and mesothelin. By Western analysis of 
TCA-precipitated bacterial culture fluids, secretion of 
expected full-length mesothelin (62 kDa) was not observed 
with these constructs, and only secretion of several small 
fragments was observed (FIG. 48A). 

[0548] FIG. 48B shows a Western blot analysis of the 
expression/secretion of human mesothelin by Listeria mono- 
cytogenes AactA comprising plasmids (pAM401) containing 
constructs encoding various signal peptides fused with 
human mesothelin. In each construct, the mesothelin coding 
sequence was codon-optimized for expression in Listeria 
monocytogenes. Where indicated, the signal peptide coding 
sequences used contained either the native sequence 
("native") or were codon-optimized ("CodOp") for expres- 
sion in Listeria monocytogenes. Secreted mesothelin was 
detected using an affinity-purified polyclonal anti-human/ 
mouse antibody, prepared by injection of rabbits with 
selected peptides together with IFA. 

[0549] Significantly, as shown in lanes 3-5, and 8-9 of 
FIG. 48B, secretion of full-length mesothelin (62 kDa) was 
observed only when both signal peptide and mesothelin 
coding sequences were codon-optimized for expression in 
Listeria. 'Ill is observation significantly also included the 
Listeria-derived signal peptides from the bacterial LLO and 
p60 proteins, related to the secAl and sccA2 secretion 
pathways, respectively, both of which contain infrequently- 
used codons. (The LLO PEST sequence is also included 
with the LLO signal peptide and its coding sequence is also 
codon-optimized.) Efficient secretion of full-length 
mesothelin (62 kDa) was observed when the codon-opti- 
mized Listeria LLO signal peptide was linked with codon- 
optimized mesothelin (Lane 8, FIG. 48B), but NOT when 
the native coding sequence of the Listeria LLO signal 
peptide was used (Lane 7, FIG. 48 B). Furthermore, secre- 
tion of full-length mesothelin (62 kDa) was observed when 
the codon-optimized Listeria p60 signal peptide was linked 
with codon-optimized mesolhelin (l.,ane 3, FIG. 48 B), but 
NOT when the native coding sequence of the Listeria p60 
signal peptide was used (Lane 6, FIG. 48B). Finally, secre- 
tion of full-length mesothelin (62 kDa) was observed when 
codon-optimized optimized signal peptides from bacterial 
species different from Listeria monocytogenes were oper- 
ably linked to codon-optimized mesothelin (FIG. 48 B). The 
signal peptide from Bacillus anthracis protective antigen 
(Ba PA), or the signal peptide from Lactococcus lactis 
Usp45 protein (LI Usp45) programmed the efficient secre- 
tion of full-length mesolhelin (62 kl)a) from the recombi- 
nant Listeria strains (FIG. 48 B, lanes 4 and 5). The Bacillus 
subtilis phoD signal peptide (Bs phoD) also programmed the 
efficient secretion of full-length mesothelin from Listeria 
(FIG. 48B, lane 9). The bands with a molecular weighl of 
about 62,000 correspond to mesolhelin and the pairs of 
double bands probably correspond to non-cleaved plus 
cleaved mesothelin polypeptides (i.e., to partial cleavage). 

[0550] FIG. 48C shows the cxpression/sccrclion of NY- 
ESO-1 from Listeria monocytogenes Aact AAinlB with con- 
structs comprising a sequence encoding LLO signal peptide 
which was fused with a sequence encoding human NY-ESO- 
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1, both of which were codon-optimized for expression in 
Listeria. Secreted NY-ESO-1 was detected using a NY- 
ESO-1 monoclonal antibody. 

[0551] In this example, signal peptide and tumor antigen 
domains were synthesized to utilize the most preferred 
coclon for each amino acid, as defined by frequency of 
occurrence per 1000 codons in coding sequences from the 
Listeria genome (http://www.kazusa.or jp/codon/cgi-bin/ 
showcodon.cgi?species=Listeria+monocytogenes+[gbbct]). 
Signal peptides related to secAl, secA2, or twin-Arg trans- 
location (Tat) secretion pathways from Listeria and other 
Gram -positive bacterial genera programmed the efficient 
secretion of human tumor antigens from recombinant List- 
eria. Surprisingly, the signal peptides from Listeria proteins 
LLO and p6() each contain rare codons (frequency of <t() 
per 1000 codons), and optimization of these sequences was 
required for efficient secretion of mesothelin and NY-ESO-1 
from recombinant Listeria (FIG. 48 B). Mesothelin secretion 
was also observed when linked to secAl signal peptides 
from B. anthracis protective antigen (pagA) and Lactococ- 
ciis lactis Usp45, and the Tat signal peptide from the 
phosphodiesterase/alkaline phosphatase D gene (PhoD) of 
B. subtilis. 

[0552] Signal peptides from distinct secretion pathways 
were used to determine whether a particular pathway would 
be favored for optimal secretion of heterologous proteins. 
For example, the Tat pathway is utilized for secretion of 
proteins folded within the bacterium, and the B. subtilis 
phoD protein is secreted via this mechanism. It had origi- 
nally been hypothesized that secretion of tumor antigens 
containing significant hydrophobic domains, such as NY- 
ESO-1, might be facilitated by folding prior to transport. 
However, these results indicated that codon-optimization of 
both the signal peptide and tumor antigen encoding 
sequences, and not secretion pathway, is the primary 
requirement for efficient secretion of mammalian proteins. 

[0553] Importantly, the phenolype of recombinant vac- 
cines utilizing any pathway for tumor antigen secretion was 
not significantly affected, as compared to the parental List- 
eria AactA/AinlB strain. The median lethality (LD 50 ) of 
Listeria AactA/AinlB is IxlO 8 cfu in C57BL/6 mice. Stable 
single copy site-specific incorporation of tumor antigen 
expression cassettes into an innocuous site on the chromo- 
some of Listeria AactA/AinlB, was accomplished using the 
pPL2 integration vector. The LD 50 of tumor antigen encod- 
ing Listeria AactA/AinlB was within 5- fold of Listeria 
AactA/AinlB. 

Example 28 

Construction of Bicislronic hEphA2 Expression • 
Vectors 

[0554] As a non-limiting example, construction of an 
antigen expression cassette, in which expression of the 
external (EX2) and internal (CO; kinase dead) domains of 
hEphA2 occurs from a bicislronic message, is given. Secre- 
tion of the EX2 and CO domains is accomplished by 
functional linkage of the Ba PA and Bs PhoD signal peptides 
with the EX2 and CO domains, respectively. 

[0555] A codon-optimized human EphA2 kinase dead 
plasm id, known as phEphA2KD, is used in the construction 
of a bicistronic hEphA2 expression vector. (EphA2 is a 



receptor tyrosine kinase, but the kinase activity is ablated by 
a mutation from K to M at the active site of the enzyme.) The 
coding sequences of phEphA2KD are shown in FIG. 49. 
The phEphA2KD sequence in FIG. 49 comprises the codon- 
optimized coding sequence for hEphA2 deleted of the 
transmembrane domain, and contains unique 5' and 3 f Bam 
HI and Sac 1 restriction sites to facilitate construction of 
functional antigen expression cassettes. Mlu I recognition 
sequences are shown bolded in the sequence shown in FIG. 
49. 

[0556] A sub-fragment of the human EphA2 (trans-mem- 
brane domain deleted, kinase-dead) between the two Mlu I 
restriction enzyme recognition sequences is synthesized (by 
a gene synthesis method known in the art, e.g., by oligo- 
nucleotide synthesis, PCR, and/or Klenow fill-in, or the 
like). The actA-plcB intergenic region is inserted during the 
synthesis precisely at the junction between the EphA2 
extracellular and intracellular domains, which are separated 
by the hydrophobic trans-membrane domain in the native 
protein. The sequence of the Mlu I sub-fragment of codon- 
optimized human EphA2 containing the actA-plcB inter- 
genic region is shown in FIG. 50 (the intergenic region is 
shown in bold). Additionally, the codon-optimized Bs phoD 
signal peptide is placed al the 3' end of the aclA-pleU 
intergenic sequence and is fused in-frame with the down- 
stream EphA2 CO domain coding region. 

[0557] The functional human EphA2 bicistronic cassette 
is assembled by substitution of the Mlu 1 fragment contain- 
ing the actA-plcB intergenic region and Bs phoD signal 
peptide for the corresponding region in the trans-membrane 
deleted kinase dead human EphA2 sequence shown in FIG. 
49. This resulting sequence contains unique Bam HI and Sac 
I restriction enzyme recognition sites at its 5' and 3' ends, 
respectively, to facilitate insertion and functional linkage to 
the hly promoter and initial signal peptide, for example Ba 
PA. 

[0558] Thus, the seven ordered functional elements of the 
bicistronic human EphA2 antigen expression cassette are the 
following: hly promoter-Ba PA signal peptide-EX domain 
EphA2-termination codon-actA-plcB intergenic region 
(with Shine-Dalgarno sequence)-Bs PhoD signal peptide- 
CO domain EphA2-termination codon. All EphA2 and sig- 
nal peplide coding sequences are preferably codon-opti- 
mized. 

[0559] Recombinant Listeria strains that express and 
secrete the EphA2 EX and CO domains can be derived by 
methods illustrated in this application, utilizing the 
pAM4()l, pKSV7, or pPLl and pPL2 integration vectors. 
Expression and secretion of the EphA2 proteins is detected 
by Western analysis of desired bacterial fractions, using 
methods described herein and/or known to those skilled in 
the art. 

Example 29 

Expression and Secretion of Antigens from 
Recombinant Listeria Comprising Antigen-Bacterial 
Protein Chimeras 

[0560] In some embodiments of the invention, both the 
sequences encoding the signal peptide and its heterologous 
protein fusion partner are codon -optimized. In some 
embodiments, it is desirable to place the codon-optimized 
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heterologous protein sequence within a defined region of a 
protein, whose native form is secreted from Listeria. The 
heterologous protein sequence is functionally placed within 
a defined sequence of the selected secreted Listeria protein 
sequence such that a protein chimera is synthesized and 
secreted that corresponds to the combined molecular 
weights of the secreted proteins. Secretion of the heterolo- 
gous protein can be facilitated by exploiting the machinery 
of the host Listeria bacterium that is required for optimal 
secretion of autologous bacterial proteins. Molecular chap- 
erones facilitate secretion of selected bacterial proteins. 

[0561] As a non-limiting example, protein chimeras 
between the L. monocytogene protein p60 and the human 
tumor antigen, mesothelin, were generated. The protein 
chimeras were generated by precise placement of the human 
tumor antigen, mesothelin, into L monocytogenes protein 
p60 at amino acid position 70 (although it is understood that 
any desired heterologous protein encoding sequence can be 
selected to generate a protein chimera). The protein chimera 
contained optimal codons for expression in Listeria in the 
p60 amino acids 1-70 and the entire mesothelin coding 
sequence. Furthermore, the p60-human mesothelin protein 
chimeria was functionally linked to the L. monocytogenes 
hly promoter, incorporated into the pPL2 vector, which was 
used subsequently as described herein to generate recombi- 
nant L. monocytogenes strains expressing and secreting 
human mesothelin. The experimental methods used to con- 
struct a recombinant Listeria strain that optimally expresses 
and secretes a p60-human mesothelin protein chimera are 
described below. 

[0562] In some embodiments, an important feature of 
protein chimeras between a selected L. monocytogenes gene 
and a selected heterologous protein sequence is appropriate 
functional placement of the selected heterologous protein 
sequence within the selected L. monocytogenes gene to 
retain optimal secretion of the protein chimera through 
interaction of the L. monocytogenes expressed protein with 
the bacterial chape rones and secretion apparatus, as well as 
to retain functional activity of the L. monocytogenes protein 
in the context of the protein chimera. In some embodiments, 
functional placement of a heterologous sequence within the 
/,. monocytogenes secA2-(}v[KX\t\tini proteins Nam A and p60 
is desired to retain the peptidoglycan cell wall hydrolase 
activitcs of these said proteins. (Sec Lenz ct. al. (2003 
PNAS, 100:12432-12437), for instance, for descriptions of 
the SecA2-dependenl Nam A and p60 proteins.) In some 
embodiments, the functional placement of the heterologous 
protein coding sequence is desired between the signal 
sequence (SS) and the cell wall binding domains (LySM) 
and catalytic domains Lyz-2 (Nam A) and p60-dom (p60) 
(Lenz et. al. (2003)). 

[0563] In some embodiments, expression of antigens or 
heterologous proteins is functionally linked to a prfA- 
dependenl promoter. As such, expression of the heterologous 
protein is induced within the microenvironment of the 
recombinant Listeria infected cell. 

[0564] The first step in the construction of a p60- Mesothe- 
lin protein chimera involved the DNA synthesis of the 
prfA-dcpcndcnt hly promoter linked functionally to a DNA 
sequence encoding the first 70 amino acids of p60, with 
codons for optimal secretion in Listeria. (In some embodi- 
ments, the codon usage can be modified further to avoid 



regions of excessive RNA secondary structure, which may 
inhibit protein translation efficiency.) The DNA sub-frag- 
ment corresponding to the hly promoter- 70 N-lerminal p60 
amino acids was synthesized. (This can generally be done by 
a gene synthesis method known in the art, e.g., by oligo- 
nucleotide synthesis, PCR, and/or Klenow fill-in, or the 
like.) 

[0565] The sequence of the first 70 amino acids of p60 
from L. monocytogenes, strain 10403S, is shown below: 



(SEQ ID NO: 116) 
MNMKKATIAATAGIAVTAFAAPTIA 

SASTVVVEAGDTLWGIAQSKGTTVD 

AIKKANNLTTDKIVPGQKLQ 

[0566] It can be appreciated to those skilled in the art that 
there exists multiple laboratory and field isolates of L. 
monocytogenes encoding genes, including p60, that may 
contain variability at both the nucleotide sequence and 
amino acid level, but are nevertheless essentially the same 
gene and protein. Furthermore, it can be appreciated by 
those skilled in the art that protein chimeras can be con- 
structed utilizing genes from any laboratory or field isolate 
(including food-borne or clinical strain) of L. monocytoge- 
nes. 

[0567] The synthesized DNA sequence corresponding to 
the hly promoter-70 N-terminal p60 amino acids is shown in 
F[G. 51. Furthermore, the codons encoding p60 amino acid 
residues 69 (L) and 70 (Q), were modified to contain a 
unique Pst I enzyme recognition sequence, to facilitate 
functional insertion of a heterologous sequence. Further- 
more, the 5* end of the synthesized sub-fragment contains a 
unique Kpnl enzyme recognition sequence. 

[0568] The 447 bp Kpnl and PslI digested sub-fragment 
fragment was ligated into the corresponding Kpnl and PslI 
sites of the pPL2 vector, and treated by digestion with Kpnl 
and PstI enzymes and digestion with calf intestinal alkaline 
phosphatase (CIAP). This plasmid is known as pPL2-hlyP- 
Np60 Cod Op. Subsequently, the remainder of the native p60 
gene was cloned into the pPL2-hlyP-Np60 CodOp plasmid, 
between the unique Psl I and BamHl sites. Irie remainder of 
the p60 gene was cloned by PCR, using a proof-reading 
containing thermostable polymerase, and the following 
primer pair: 



Forward primer: 

5*- CGC CTGCAGGTAAATAATGAGGTTGCTG (SEQ ID NO: 117) 
Reverse primer: 

5 ' -CGCGGATCCTTAATTATACGCGACCGAAG ( SEQ ID NO: 118) 

[0569] The 1241 bp amplicon was digested with PslI and 
BamHl, and the purified 1235 bp was ligated into the 
pPL2-hlyP-Np60 CodOp plasmid, digested with PstI and 
BamHl, and treated with CIA-P. This plasmid contains the 
full monocytogenes p6() gene with optimal codons cor- 
responding to amino acids 1-77, and native codons corre- 
sponding to amino acids 78-478, and is linked functional to 
the L. monocytogenes hly promoter. This plasmid is known 
as pPL2-hlyP-Np60 CodOp(l-77), and the sequence of the 
KpnI-BamHI sub-fragment that contains the hlyP linked 
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functionally to the p60 encoding sequence is shown in FIG. 
52. The expected sequence of the pPL2-hlyP-Np60 
CodOp(l-77) plasmid was confirmed by sequencing. 

[0570] The next step in the construction was the functional 
insertion of a heterologous protein encoding sequence at the 
unique PstI site of plasmid as pPL2-hlyP-Np60 CodOp(l- 
77), which is between the N-terminal signal sequence and 
the first LysM cell wall binding domain of p60, thus retain- 
ing the normal biological function of the L. monocytogenes 
protein. 

[0571] As a non-limiting example, human mcsothclin that 
was codon-optimized for optimal expression in L. monocy- 
togenes protein was inserted into the unique PstI site of 
plasmid as pPL2-hlyP-Np60 CodOp(l-77). Specifically, 
full-length mesothelin, or mesothelin that was deleted of the 
signal peptide and GPI linker domains (Mcsothclin ASP/ 
AGPI) was cloned from the plasmid described in Example 
27 that contains the full-length human mesothelin, contain- 
ing optimal codons for expression in monocytogenes, 
using a thermostable polymerase with proof-reading activ- 
ity, and the following primer pair: 

[0572] 1. Full Length 

Forward Primer (huMeso 3F): 

(SEQ ID NO:119) 

5 ' -AAACTGCAGGCATTGCCAACTGCACGTCC 
Reverse Primer (hMeso 1935R): 

(SEQ ID NO: 120) 
5 ' -AAACTGCAGAGCTAATGTACTGGCTAATAATAATGCTAAC 

[0573] 2. ASignal Peptide, AGPI Anchor 



Forward Primer (huMeso 133F): 

5 ' -CGCCTGCAGCGTACATTAGCAG ( SEQ ID NO : 1 2 1 ) 

GTGAAACAGG 

5 ' -CGCCTGCAGGCCTTGTAAACCTAAAC (SEQ ID NO: 122) 
CTAATGTATC 

[0574] The PCR amplicons of 1932 bps (full-length 
mcsothclin) and 1637 bps (Mcsothclin ASP/AGPI) were 
purified, digested with PstI, purified, and ligated into the 
unique PstI site of plasmid pPL2-hlyP-Np60 CodOp(l-77), 
treated by digestion with PstI, and treatment with (HAP The 
consistent N-CO orientation of the p60 and mesothelin 
domains was confirmed by restriction endonuc lease map- 
ping. These plasm ids are known as pPL2-hlyP-Np60 
CodOp(l-77)-Mesothelin and pPL2-h!yP-Np60 CodOp(I- 
77)-Mesothelin ASP/AGPI, and were introduced into 
selected L monocytogenes strains (such as AactAAinlB 
double deletion mutants), as described throughout the 
examples contained herein. 

[0575] The sequence of the KpnI-BamHI sub-fragment of 
plasmid pPL2-hlyP-Np60 CodOp(l-77)-Mcsothelin con- 
taining the hly promoter linked functionally to the p60- 
human Mesothelin protein chimera encoding gene is shown 
in FIG. 53. * 

[0576] The sequence of the KpnI-BamHI sub-fragment of 
plasmid pPL2-hlyP-Np60 CodOp(l-77)-Mcsothclin ASP/ 
AGPI containing the hly promoter linked functionally to the 
p60-human mesothelin ASP/AGPI protein chimera encoding 
gene is shown in FIG. 54. 



[0577] Western Analysis of Expression and Secretion of 
p60-Mesothelin Protein Chimeras: 

[0578] As discussed throughout the examples, expression 
and secretion of a selected heterologous antigen results in 
potent priming of MHC class I-reslricled 01)8+ T cell 
responses. The expression and secretion of the protein 
chimeras into the media by recombinant L monocytogenes 
AactAAinlB double deletion mutants containing tRNA-Arg 
chromosomal insertions of the pPL2-hlyP-Np60 CodOp(l- 
77)-Mesothelin or pPL2-hlyP-Np60 CodOp(l-77)-Mesothe- 
lin ASP/AGPI plasmids, generated by methods described 
herein, were tested by Western analysis by methods 
described in the Examples contained herein, using a 
mesothelin-specific polyclonal antibody. 

[0579] The indicated engineered deletions in hMesothclin 
(ASPAGPI, also referred to herein as ASSAGPI, ASP/AGPI, 
ASS/AGPI, etc.) for the proteins shown in some of the lanes 
were as follows: The deleted signal sequence (ASP) corre- 
sponds to the N-tcrminal 34 amino acids of hMesothclin (for 
sequences of human mesothelin, see, e.g., FIG. 34 or 
GenBank Acc. No. BC009272). The deleted GPI (AGPI) 
domain corresponds to the C-terminal 42 amino acids, 
beginning with the amino acid residues Gly-Ile-Pro and 
ending with the amino acid residues Thr- Leu-Ala (see, e.g., 
FIG. 34). 

[0580] The results of this analysis demonstrated that pro- 
tein chimeras comprised of p60 with precise insertion of 
human mesothelin or human mesothelin ASP/AGPI (inserted 
in frame at amino acid 70 of p60 between the N-terminal 
signal sequence and the first of two LysM cell wall binding 
domains) were efficiently expressed and secreted from the 
recombinant L. monocytogenes. See FIG. 55. (The Y-axis of 
FIG. 55 shows the molecular weighl (in kDa) of proteins in 
the ladder run in the far left lane.) Specifically, lanes 1-4 in 
FIG. 55 demonstrate the expression and secretion of the 
expected protein chimeras containing human mesothelin or 
human mesothelin ASP/AGPI. The increased efficiency of 
expression and secretion of human mesothelin ASP/AGPI 
relative to the full-length mcsothclin is evident in lanes 2 and 
4. In the protein chimeras shown in lanes 3 and 4, the 
authentic N-terminal p60 amino acids were used. In the 
chimeras run in lanes 1 and 2 in the FIG. 55, the nucleotides 
encoding amino acids T and V at positions 29 and 64, 
respectively, were deleted. Lane 5 shows expression and 
secretion of Bacillus anthracis PA signal peptide fused to 
human ASPAGPI-mesothelin (where both the signal peptide 
and the mesothelin coding sequences were codon-optimized 
for expression in L. monocytogenes), and lane 6 shows the 
expression and secretion of LLO fused to full-length human 
mesothelin (where both the signal peptide and the mesothe- 
lin coding sequences were codon-optimized for expression 
in L. monocytogenes). Lane 8 shows protein expression by 
J293, a human cell line, while lane 7 shows protein 
expressed and secreted by J293 containing a plasmid encod- 
ing full-length human mesothelin ("J293/Full Length"). 
Lane 10 shows protein expression and secretion from List- 
eria which has been deleted of endogenous p60. The lower 
panel in FIG. 55 shows the Western analysis of L. mono- 
cytogenes p60 secretion using a polyclonal a-p60 antibody. 
The results demonstrate that equivalent amounts of Lm- 
secreted protein were loaded on the gel. 



US 2005/0249748 Al 



74 



Nov. 10, 2005 



[0581] The results demonstrate that p60 can be used as a 
molecular chaperone to secrete heterologous proteins and 
facilitate presentation to the MHC class I pathway. 

Example 30 

Additional Examples of Antigen Expression and 
Secretion by Recombinant Listeria monocytogenes 

[0582] A. Expression of the Intracellular Domain (ICD) of 
EphA2 from a Bicistronic Construct Using a Non-Listerial 
Signal Peptide 

[0583] FIG. 56 shows the Western blot analysis of the 
expression and secretion of the intracellular domain (ICD) 
of EphA2 from bicistronic messages using a non-Listerial, 
non-secAl signal sequence. 

[0584] EphA2 is a protein comprised of an extracellular 
domain (ECD) and an intracellular domain (ICD). Listeria 
AactAAinlB were engineered to express a bicistronic 
mRNAs, where the bicistronic mRNAs encoded the extra- 
cellular domain and intracellular domain of Epha2 as dis- 
crete polypeptides. All of the sequences encoding the signal 
sequences used in the constructs (B. subtilis phoD signal 
peptide, B. anthracis Protective Antigen signal peptide, and 
L. lactis Usp45 signal peptide) were codon-optimized for 
expression in A. monocytogenes. 'I Tie sequences encoding 
the ECD and ICD domains were also codon-optimized for 
expression in L. monocytogenes. The Listeria 1 promoter hly 
from the LLO gene was used as the promoter in these 
constructs. 

[0585] The expression cassettes encoding the bicistronic 
mRNA were integrated into the Listeria genome using the 
integration vector pPL2. Western blot analysis of various 
bacterial fractions using standard techniques was used to 
detect and measure the accumulated intracellular EphA2 
domain. The results demonstrated that the intracellular 
domain of Epha2 was expressed and secreted from bicis- 
tronic constructs using non-Listerial signal peptides encoded 
by codon-optimized sequences. 

[0586] The expression constructs comprised: (1) a codon- 
optimized sequence encoding the L. lactis Usp45 secretory 
sequence operably (functionally) linked with the coding 
sequence for the extracellular domain of EphA2 (first 
polypeptide) and a codon-optimized sequence encoding the 
B. subtilis phoD secretory signal operably linked with an 
intracellular domain of EphA2 (second polypeptide) (lane 
1); and (2) a codon-optimized sequence encoding the B. 
anthracis Protective Antigen secretory sequence operably 
linked with the coding sequence for the extracellular domain 
of EphA2 (first polypeptide) and a codon-optimized 
sequence encoding the B. subtilis phoD secretory sequence 
operably linked with the coding sequence for the intracel- 
lular domain of EphA2 (second polypeptide) (lanes 2-3 (two 
different clones); see description of const met ion of this 
expression cassette in Example 28, above). Control studies 
(lane 4) with the attenuated parent Listeria AactAAinlB 
strain demonstrated a variable amount of detectable cross 
reactivity in some control blots. Lanes 1-3 show a slow 
migrating band and a fast moving band, where the fast 
moving band corresponds to the intracellular domain (ICD). 
Expressed intracellular domain of EphA2 from all of the 
constructs (lanes 1-3) was observed in all three bacterial 
fractions. Lane 4 (control) shows only the slow migrating 



band. Because no antibody was available for the extracel- 
lular domain, expression/secretion of the extracellular 
domain was not assayed. 

[0587] B. Plasmid Based Expression and Secretion of 
Murine Mesolhelin as a Function of N-Terminal Fusion 
With Various Codon-Optimized Signal Peptides 

[0588] FIG. 57 shows plasmid based expression and 
secretion of murine mesothelin expressed from a codon- 
optimized mcsothclin coding sequence using various signal 
peptides, including non-Listerial signal sequences and non- 
secAl signal sequences. Plasmid based expression and 
secretion of murine mesolhelin is shown as a function of 
N-terminal fusion with various signal peptides encoded by 
codon-optimized sequences. In all cases, the sequences 
encoding the signal peptides of the mesothelin fusion pro- 
teins were codon-optimized as well as the murine mesothe- 
lin coding sequence was codon-optimized for expression in 
L. monocytogenes. Expression and secretion of murine 
mesothelin from L. monocytogenes was measured, where the 
Listeria harbored a pAM401 plasmid, and where the plas- 
mid encoded the mesolhelin. Various plasmid-based con- 
structs where tested, where the signal sequence was varied. 
Western blots were performed with proteins recovered from 
the various fractions of secreted proteins (A), the cell wall 
(B), and the cell lysate (C). For each fraction, lanes 1-2 show 
murine mesothelin expressed as a fusion with the B. anthra- 
cis Protective Antigen signal sequence, lanes 3-4 show 
murine mesothelin expressed as a fusion with the Lactococ- 
cus lactis Usp45 signal sequence, lanes 5-6 show murine 
mesothelin expressed as a fusion with the B. subtilis phoD 
signal sequence, lanes 7-8 show murine mesothelin 
expressed as a fusion with the p60 signal sequence, lanes 
9-10 show murine mesothelin expressed as a fusion with the 
LLO signal sequence, and lane 11 shows protein expressed 
by the control host Listeria AactAAinlB. The results dem- 
onstrate that the highest expression and secretion was found 
where the signal sequence comprised B. anthracis Protective 
Antigen signal sequence (lanes 1-2) and B. subtilis phoD 
signal sequence (lanes 5-6). 

[0589] C. Listeria monocytogenes Chromosomal-Based 
Expression and Secretion of Human Mesothelin 

[0590] FIG. 58 shows the Western blot analysis of Listeria 
monocytogenes chromosomal-based expression and secre- 
tion of human mesothelin in various bacterial cell fractions 
(i.e., secreted protein, cell wall, and lysate). Expression and 
secretion of human mesothelin was tested when fused to a 
non-Listerial secAl and non-secAl signal peptides. The 
Listeria bacteria tested were all AactA/AinlB Listeria and 
were as follows: Listeria AactA/AinlB (control Listeria that 
was not engineered to express mesothelin) (Lane 1); Listeria 
encoding B. anthracis Protective Antigen signal sequence 
fused to ASS/AGPI hMesothelin (Lanes 2-3); Listeria encod- 
ing B. subtilis phoD signal sequence fused to ASS/AGPI 
hMesothelin (Lanes 4-5); Listeria encoding B. anthracis 
Protective Antigen signal sequence fused with full-length 
hMesothelin (Lanes 6-7); Listeria encoding B. subtilis phoD 
signal sequence fused to full-length hMesothelin (Lanes 
8-9). 

[0591] The sequences encoding the signal sequences fused 
to mesothelin in all of the above Listeria were codon- 
optimized for expression in L. monocytogenes. In addition, 
the mesothelin coding sequences (ASS/AGPI and full- 
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length) were codon-optimized for expression in L. monocy- 
togenes in each of the constructs. In each of the above 
Listeria expressing mesothelin, the mesolhelin expression 
cassettes were inserted in the Listeria chromosome via 
integration with pPL2. 

[0592] Highest expression occurred with the B. subtilis 
phoD secretory sequence where human mesothelin was 
engineered to delete its signal sequence and to delete a 
hydrophobic region (gpi region) (Lanes 4-5). 

Example 31 

Additional Examples of Immunogenicity and 
Anti-Tumor Efficacy of Recombinant Listeria 
monocytogenes Vaccines 

[0593] The following examples disclose results of vacci- 
nation with the Listeria of the present invention, e.g., 
vaccine-dependent stimulation of cytokine expression, vac- 
cine-dependent survival of an animal with tumors, vaccine- 
dependent reduction in tumor metastasis, and vaccine-de- 
pendent reduction in tumor volume. 

[0594] A. Immunogenicity of Listeria Vaccine Compris- 
ing P-60-Model Antigen Chimera 

[0595] FIG. 59A and B show delivery of a heterologous 
antigen to the MHC Class I pathway by Listeria expressing 
either a p60-antigen chimera or an LLO signal peptide- 
anligen fusion protein. The heterologous antigen used in this 
experiment was AM1-A5. Vaccination was with Listeria 
engineered to comprise a p60 protein chimera expression 
cassette encoding AH1-A5 (fused to the OVA SL8 peptide) 
inserted within the p60 polypeptide sequence including the 
N-terminal p60 signal peptide sequence ("p60-based con- 
struct"), or Listeria engineered to encode an LLO signal 
peptide linked to a nucleic acid encoding the same antigen, 
AH1-A5 embedded within OVA ("LLO-based construct"). 
Both of these constructs used the Listerial promoter hly. p60 
is a Listerial peptidoglycan autolysin that is secreted by a 
sccA2 pathway, while LLO is listcriolysin. 

[0596] To generate the p60-based construct, the nucleic 
acid encoding p60 was engineered to contain a PstI cloning 
site, where the PstI cloning site represented a silent muta- 
tion, i.e., resulting in no change in the encoded amino acid 
sequence. The PstI site was located between the N-lerminal 
signal sequence and the first of two LysM cell wall binding 
domains in the p60 sequence. A polynucleotide encoding a 
heterologous polypeptide comprising the AH1-A5 epitope 
(SPSYAYHOF (SEQ ID NO:73)) and SL8 epitope (SIIN- 
FEKL (SEQ ID NO:123)) was inserted in frame into the PstI 
cloning site. The coding sequences for these epitopes were 
separated by a unique Xhol site and codon-optimized for 
expression in L. monocytogenes. The insertion into the PstI 
site occurred al the equivalent of nucleotide base number 
199 of p60. The first 1-70 amino acids of the p60 coding 
sequence were codon-optimi/xd for expression in L. mono- 
cytogenes. Accordingly, the first 27 amino acids correspond- 
ing to the signal peptide were expressed from optimal 
codons for expression in L. monocytogenes. The antigen 
expression cassette further contained unique 5' and 3' Kpnl 
and Sacd sites, respectively for insertion into the MCS of the 
pPL2 ^plasmid, for site-specific integration adjacent to the 
tRNA gene of the L. monocytogenes genome. The LLO- 
based construct comprised a sequence encoding an LLO 



signal sequence operably linked to a nucleic acid encoding 
AH1-A5 within OVA (without use of any codon-optimiza- 
lion). Thus, in the present study, the signal peptide was either 
from Listeria LLO or from Listeria p60. 

[0597] The constructs were placed into pPL2, a vector that 
mediates site-specific recombination with Listeria genome, 
and inserted into the Listeria genome. 

[0598] FIG. 59A and B show the immune response to a 
vaccination (tail vein) of Listeria expressing the AH1-A5 
antigen with p60 signal sequence/autolysin as a p60 chi- 
mera, and immune response to vaccination of Listeria 
expressing AH1-A5 antigen linked with the LLO signal 
sequence. In the x-axis of the figure, "Unstim" means that no 
peptide was added to the wells (i.e., the cells were unstimu- 
lated), while "AH1" means that the AH1 nonapeptide was 
added to the wells, and "AH1-A5" means that the AH1-A5 
nonapeptide was added to the wells. All bacterial vaccines 
were engineered to contain an integrated nucleic acid encod- 
ing AH1-A5 (the bacterial vaccines did not encode AH1) 
(see, e.g., Slansky, et al. (2000) Immunity .13:529-538). 
Where the vaccination was done with the Listeria compris- 
ing the p60-based constructs, the strain is indicated on the 
x-axis of the figure as "p60." Where the vaccination was 
done with Listeria comprising the LLO-based constructs, 
the strain is indicated on the x-axis of the figure as "LLO." 

[0599] The overall protocol for vaccination with Listeria 
expressing the P60-based construct was as follows: (1) Mice 
were vaccinated with Listeria (tail vein (i.v.)) containing an 
integrated nucleic acid, where the integrated nucleic acid 
encoded p60 containing a nucleic acid encoding AH1-A5 
inserted at nucleotide 199 of p60. In other words, the nucleic 
acid encoding AH1-A5 antigen was in frame with and 
operably linked with p60 signal sequence and with p60 
autolysin. The nucleic acid encoding AM1-A5 was codon 
optimized for expression in L. monocytogenes; (2) Seven 
days post infection, the spleens were removed; (3) Spleen 
cells were dissociated, placed in wells, and the spleen cells 
were incubated with either no added peptide (FIGS. 59A 
and 59B), with added AMI (FIG. 59A), or with added 
AH1-A5 (FIG. 59B), as indicated on the x-axis; (4) After 
adding the peptide, cells were incubated for five hours, 
followed by assessment of the percent of IFNgamma 
expressing CD8+ T cells by FACS analysis. An analogous 
protocol was used for vaccination with Listeria expressing 
the LLO-based construct. 

[0600] The results demonstrate that the Listeria vaccines 
stimulated CDS+Tcelt expression olTFNgamma, where the 
added peptide was AH1 (FIG. 59A) or where the added 
peptide was AH1-A5 (FIG. 59B). Stimulation was some- 
what higher where integrated AJ I I-A5 was operably linked 
with LLO signal sequence, and stimulation was somewhat 
lower when integrated AH1-A5 was operably linked with 
p60 signal sequence (FIGS. 59A and B). 

[0601] FIGS. 60A and B show experiments conducted 
with the same [wo Listeria vaccines as described above, i.e., 
as shown in FIGS. 59A and B. FIG. 60A shows results 
where mice were vaccinated with the Listeria engineered to 
contain the p60-based construct ("p60")or with the Listeria 
engineered to contain the LLO-based construct ("LLO"). As 
indicated on the x-axis of FIG. 60A, the cell based assays 
were supplemented with no peptide (unstimulated; 
"unstim") or with LLOpj.pp peptide ("LL091"; Badovinac 
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and Marty (2000) J. Immunol. 164:6444-6452). The results 
demonstrated a similar immune response (IFNgamma 
expression) where the listeria vaccine contained the p-60 
based construct or the LLO-based construct. The stimulated 
immune response in FIG. 60A, as reflected in the results 
from the cell-based assay, is due to the Listeria's endog- 
enous expression of native LLO. 

[0602] FIG. 60B shows results where mice were vacci- 
nated with Listeria engineered to contain the p60-based 
construct, where the hly promoter and signal peptide 
sequences were operably linked with a nucleic acid encod- 
ing AH1-A5, or with Listeria engineered to contain the 
LLO-based construct, where the hly promoter and signal 
peptide were operably linked with a nucleic acid encoding 
AH1-A5. The added peptides were either no peptide 
(unstimulated; "unstim") or p6(U J7 ^ 25 ("p60-217"; SijLs, et 
al (1997) J. Biol. Chcm. 272:19261-19268), as indicated on 
the x-axis. The stimulated immune response in FIG. 60B, as 
reflected in the results from the cell based assay, is due to the 
Listeria's expression of endogenous p60 for the LLO-based 
construct and the combination of endogenous p60 and the 
expressed p60 protein chimera sequence for the p60-bascd 
construct. 

[0603] B. Therapeutic Efficacy of Listeria Expressing 
Human Mesothelin 

[0604] The results depicted in FIG. 61 reveal that vacci- 
nation with Listeria expressing human mesothelin (huMe- 
sothelin) prolongs survival in tumor-bearing mice, where the 
tumor cells in the mice had been engineered to express 
human mesothelin. The tumor cells were CT26 cells 
expressing human mesothelin and the mice were Balb/c 
mice. (All CT26 tumor studies described herein involved 
Balb/c mice.) In one of the expression cassettes, a sequence 
encoding a non-Listerial signal sequence was operably 
linked in frame with a codon -optimized sequence encoding 
human mesothelin (deleted of its signal sequence and GPI 
anchor). The expression cassette encoding a signal peptide 
fused with human mesothelin (AGPIASS) was administered 
to tumor-bearing mice in a Listeria vaccine in studies on the 
effect of the fusion protein on immune response to tumors. 
The expression cassette encoding the mesothelin fusion 
protein had been integrated into the Listeria chromosome. 
On Day 0, 2xl0 5 CT26 cells expressing human mesothelin 
(CT.26 huMeso+) were injected intravenously into the 
Balb/c mice. Vaccination of the mice was in the tail vein 
(i.v.). Inoculation with lc7 colony forming units (CFU) 
Listeria (i.v.) occurred at day 3. 

[0605] FIG. 61 shows the percent survival (shown on 
y-axis) of the mice to CT26 tumor expressing human 
mesothelin, where the vaccine comprises Hank's Balanced 
Salt Solution (HBSS) (a sham vaccine; "HBSS")i Listeria 
AaclAAinlB expressing SF-AH1A5 from an integrated 
expression cassette (positive control vaccine; "SF- 
AH1A5"); or Listeria AaclAAinlB comprising an expression 
cassette encoding D. anthracis Protective Antigen signal 
sequence (encoded by a non-codon optimized sequence) 
fused with huMesolhelin (encoded by a codon-oplimi/ed 
sequence), where the hu Mesothelin had a deleted signal 
sequence and a deleted region encoding the hydrophobic 
gpi-anchoring peptide ("BaPA-huMeso AgpiAss"). Listeria 
bearing the SF-AH1A5 construct and the BaPA-huMeso 
AgpiAss construct contained these constructs as chromo- 



somally integrated constructs. The nucleic acid molecule 
encoding SF-AH1A5 and the nucleic acid molecule encod- 
ing the BaPA-huMeso AgpiAss construct had been inte- 
grated into the Listeria genome using pPL2. SF is shorthand 
for an eight amino acid peptide derived from ovalbumin, 
also known as SL8 (see, e.g., Shastri and Ganzalez (1993) J. 
Immunol. 150:2724-2736). The abbreviations "SF-AH1A5, 
""SF-AH1-A5," and "OVA/AH1-A5" refer to AH1-A5 con- 
nected to an ovalbumin scaffold. "SF AH1-A5" refers to the 
AH1-A5 (SPSYAYHOF (SEQ ID NO:73)) and the SF 
peptide fused to the N-terminus of amino acids 138 to 386 
of GenBank Accession. No. P01012 (ovalbumin). The poly- 
nucleotides encoding "SF-AH1A5," in this example, com- 
prised a codon -optimized nucleic acid encoding AH1-A5 
and a non-codon optimized nucleic acid encoding the oval- 
bumin-derived sequence. 

[0606] The results demonstrate that a single immunization 
with Listeria expressing huMesothelin prolongs survival of 
mice containing huMesothelin-expressing tumors. The sur- 
vival percentage was highest with the chromosomally inte- 
grated B. anthracis Protective Antigen signal sequence fused 
with the Asignal scqucncc/Agpi huMesothelin (BaPA-hu- 
Meso AgpiAss; closed squares). Survival was lowest where 
"vaccination" was with the control salt solution. 

[0607] C. Reduction in Lung Tumor Nodule Level in 
Tumor-Bearing Mice Vaccinated With Listeria Expressing 
Human Mesothelin Due to Mesothelin-Specific Anti-Tumor 
Efficacy 

[0608] The data in FIG. 62 demonstrate that the level of 
lung tumor nodules is reduced by vaccination with Listeria 
AactAAinlB expressing human mesothelin, where the tumor 
cells were engineered to express human mesothelin. The 
mouse strain was Balb/c and the lung tumor cells were CT26 
cells harboring a vector expressing human mesothelin. On 
Day 0, 2x10 s CT26 cells expressing human mesothelin were 
administered intravenously to the Balb/c mice. Sequences 
encoding various signal sequences were operably linked in 
frame with codon-optimized sequences encoding human 
mesothelin in expression cassettes. The expression cassettes 
encoding various signal peptides fused with human 
mesothelin were administered to the tumor-bearing mice via 
Listeria vaccines comprising the expression cassettes. On 
Day 3, IxlO 7 CFU/100 ftL of the Listeria vaccines were 
administered to the tumor-bearing mice intravenously. 
Negative control vaccinations were with HBSS or Listeria 
AactAAinlB. Positive control vaccinations were with List- 
eria expressing an OVA fusion protein comprising AII1A5 
(in frame with the OVA sequence). (The OVA fusion protein 
comprising AH1A5 was encoded by a non-codon optimized 
expression cassette.) On Day 19, the mice were sacrificed, 
their lungs harvested, and the lung tumor nodules counted. 

[0609] The Listeria vaccines reduced the number of 
metastases in the lungs. Control vaccines involving only 
HBBS or Listeria AactAAinlB resulted in a detected con- 
sistent 250 metastases per lung and an average of 135 
metastasis per lung, respectively. Listeria bearing plasmid 
(pAM4()l) encoding LLO signal peptide fused to human 
mesothelin ("pAM-LLO-HuMeso") showed about 25 
metastases per lung. The polynucleotide sequences of the 
pAM-LLO-HuMeso plasmid that encoded the LLO signal 
peptide and the human mesothelin sequence were codon- 
optimized for expression in L. monocytogenes. Listeria 
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bearing integrated sequences encoding B. anthracis Protec- 
tive Antigen signal sequence (BaPA) fused with huMesothe- 
lin (Agpi/Asignal sequence) ("BaPA-HuMeso AgpiAss") 
also showed on the average about 25 metastases per lung on 
average. The polynucleotide in BaPA-HuMcso AgpiAss that 
encoded the B. anthracis Protective Antigen signal sequence 
was not codon-optimized, whereas the polynucleotide that 
encoded the human mesothelin sequence deleted of the 
mesothelin signal peptide and GPI anchor was codon- 
optimized for expression in L. monocytogenes. 

[0610] FIG. 63 shows the results of a control study using 
mice comprising lung tumor nodules generated using CT.26 
parental target cells. Balb/c mice were used, but wt CT26 
was instead injected (2xl0 5 cells (i.v.) on Day 0). The study 
demonstrates that the anti-tumor efficacy of vaccination with 
the Listeria vaccine expressing mesothelin fusion proteins is 
mesothelin specific. Sequences encoding various signal 
sequences were operably linked in frame with codon-opti- 
mized sequences encoding human mesothelin in expression 
cassettes. (The constructs used in this experiment were 
identical to those used in the experiments above to generate 
the data shown in FIG. 62.) The expression cassettes encod- 
ing various signal peptides fused with human mesothelin 
were administered to the tumor-bearing mice via listeria 
vaccines comprising the expression cassettes. Vaccination 
was in the tail vein (lxlO 7 CFU/100 //L i.v. on Day 3). In this 
particular study, the tumor cells did not express human 
mesothelin. Survival was determined. Where the data was 
available, the number of lung metastases was also measured. 
There were a total of five mice in each vaccination group. 
Negative control inoculation involved IIBSS or Listeria 
AactAAinlB. Positive control inoculation involved Listeria 
expressing an OVA fusion comprising AH1A5 (not codon- 
optimized). 

[0611] llie results are shown in FIG. 63. Crosses indicate 
failure to survive and each vaccination group contained 5 
mice. With the positive control inoculation, the mice sur- 
vived, and the number of detected metastases in the lung was 
on the average about 25 per lung. As the tumor cells were not 
engineered to express human mesothelin, the mice inocu- 
lated with Listeria harboring a plasm id expressing LLO 
signal peptide fused with human mesothelin ("pAM-LLO- 
HuMeso") did not survive. Where mice were inoculated 
with Listeria bearing chromosomally integrated B. anthracis 
Protective Antigen secretory sequence (BaPA; encoded by a 
non-codon optimized nucleotide sequence) fused with with 
human mesothelin (Agpi/Asignal sequence) ("BaPA-Hu- 
Meso AgpiAss"), some survived but others failed to survive. 

[0612] D. Vaccination With Listeria Expressing Codon- 
Optimized Human Mesothelin Reduces Tumor Volume 

[0613] FIG. 64 shows vaccination with Listeria 
(AactAAinlB) expressing human mesothelin from expres- 
sion cassettes comprising codon-optimized mesothelin 
codon sequences reduces tumor volume. 

[0614] Sequences encoding various signal sequences were 
operably linked in frame with codon-optimized sequences 
encoding human mesothelin in expression cassettes. The 
expression cassettes encoding various signal peptides fused 
with human mesothelin were administered to tumor-bearing 
mice via Listeria vaccines comprising the expression cas- 
settes. The Listeria vaccines expressing human mesothelin 
that were used for vaccination of the tumor-bearing mice in 



this study include the following: Listeria (AactAAinlB L. 
monocytogenes) bearing a pAM40I plasmid expressing and 
secreting LLO signal peptide (encoded by a sequence 
codon-optimized for expression in L monocytogenes) fused 
with human mesothelin ("pAM opt.LLO-opt.huMcso"); 
Listeria bearing a pAM401 plasmid expressing B. anthracis 
Protective Antigen signal sequence (encoded by a non- 
codon optimized expression cassette) fused with huMe- 
sothelin ("pAM non-opt.BaPA-opt.huMeso"); and Listeria 
comprising an integrated expression cassette encoding B. 
anthracis Protective Antigen signal peptide (encoded by a 
non-codon optimized sequence) fused with huMesothelin, 
where the huMesothelin had a deleted signal sequence and 
a deleted region encoding the hydrophobic gpi-anchoring 
peptide ("Non-opt.BaPA-opt.huMeso delgpi-ss"). 

[0615] In the study, Balb/c mice were implanted subcuta- 
neously with 2xl0 5 cells of CT26 murine colon tumor cells 
engineered to expression human mesothelin (Day 0). Five 
mice were included in each vaccination group. On Day 3 
following injection with the CT26 cells, the mice were 
vaccinated with non-Listcrial control or lxlO 7 colony form- 
ing units (CFU) of the Listeria vaccine intravenously. Nega- 
tive control inoculation involved IIBSS. Positive control 
inoculation involved Listeria expressing SF-AH1A5 (codon 
optimized). (SF is an eight amino acid peptide derived from 
ovalbumin, also known as SL8 (see, e.g., Shastri and Gan- 
zalez (1993) J. Immunol. 150:2724-2736).) At various time 
points, the mean tumor volume was determined. 

[0616] The results of this study are shown in FIG. 64. The 
results demonstrated that vaccination with Listeria express- 
ing human mesothelin fused to various signal peptides 
reduces tumor volume. Vaccination with Listeria expressing 
a B. anthracis Protective Antigen signal peptide fused with 
human mesothelin was protective (open circles with dotted 
line). Vaccination with Listeria expressing pi asm id-encoded 
human mesothelin fused to LLO signal peptide was protec- 
tive (open triangles). Vaccination with Listeria comprising a 
chromosomally integrated expression cassette encoding B. 
anthracis Protective Antigen (non-codon optimized nucleic 
acid) signal peptide fused with human mesothelin (Agpi/ 
Asignal sequence) (open ovals with solid line) was also 
protective. Regarding the positive controls, Listeria express- 
ing chromosomally integrated SF-AH1A5 (open squares) 
were also protective. The highest tumor volume, and earliest 
time of tumor growth onset, occurred in mice receiving the 
sham vaccine (HBSS). 

[0617] E. Immunogenicity of a Listeria Vaccine Express- 
ing Human Mesothelin Fused to a Non-Listcrial Signal 
Sequence 

[0618] FIG. 65 depicts the immunogenicity of a Listeria 
AactA/AinlB-hMesothelin strain, where the Listeria con- 
tained a chromosomally integrated nucleic acid encoding 
hMcsothclin fused to a Bacillus anthracis signal peptide 
(optimized Ba PA hMeso AGPIASS). ELISPOT assays were 
used to assess immune response, where the assays were 
sensitive to expression of interferon-gamma. 

[0619] llie study comprised the following steps: (I) Mice 
(Balb/c mice or C57BL/6 mice) were vaccinated (i.v.) with 
the Listeria comprising an integrated expression cassette 
encoding B. anthracis Protective Antigen signal peptide 
(encoded by a non-codon optimized sequence) fused with 
huMesothelin (encoded by a codon-optimized sequences in 
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which the mesothelin signal sequence and hydrophobic 
gpi-anchoring sequences had been deleted); (2) After 7 days, 
the spleens were removed; (3) The cells removed from the 
spleens were dispersed in wells. Each well received about 
200,000 spleen cells; (4) One of three kinds of medium were 
added to the wells, as indicated. Spleen cells from studies 
with Balb/c mice received medium only ("Unstimulated"), 
mesothelin peptide pool ("Meso pool"), or p6() 217 . 225 
("p60 2J7 "). Spleen cells from studies with C57BL/6 
received medium only ("Unstimulated"), mesothelin peptide 
pool ("Meso pool"), or LL0 296 . 3(M ("LL0 296 . 304 "); (5) 
ELISPOT assays were performed to determine number of 
immune cells responding to the added peptide(s). 'ITie 
mesothelin peptide pool comprised 153 different peptides, 
where these peptides spanned the entire sequence of hMe- 
sothelin, where each peptide was 15 amino acids long, 
overlapping the adjacent peptides by 11 amino acids. 

[0620] The results of the ELISPOT assays are shown in 
FFG. 65. The results indicated that the lisleriu vaccine 



expressing human mesothelin fused to B. anthracis signal 
peptide was capable of inducing an immune response to 
mesothelin in Balb/c mice. A higher IFN-gamma response to 
Ltsteritf-expressed hMesothelin was observed with the 
Balb/c mouse immune system than with the C57BL/6 
immune system. ELISPOT signal to p60 or LLO was in 
response to the Listeria's naturally occurring p60 and LLO 
proteins. 

[0621] All publications, patents, patent applications, inter- 
net sites, and accession numbers/database sequences 
(including both polynucleotide and polypeptide sequences) 
cited herein are hereby incorporated by reference herein in 
their entirety for all purposes to the same extent as if each 
individual publication, patent, patent application, internet 
site, or accession number/database sequence were specifi- 
cally and individually indicated to be so incorporated by 
reference. 



SEQUENCE LISTING 



<160> NUMBER OF SEQ ID NOS: 129 

<210> SEQ ID NO 1 
<211> LENGTH: 240 
<212> TYPE: DNA 

<213> ORGANISM: Listeria monocytogenes 
<400> SEQUENCE: 1 

ggtacctcct ttgattagta tattcctatc ttaaagttac ttttatgtgg aggcattaac 60 
atttgttaat gaegtcaaaa ggatagcaag actagaataa agctataaag caagcatata 120 
atattgegtt tcatctttag aagcgaattt cgecaatatt ataattatca aaagagaggg 180 
gtggcaaacg gtatttggca ttattaggtt aaaaaatgta gaaggagagt gaaacccatg 240 



<210> SEQ ID NO 2 
<211> LENGTH: 240 
<212> TYPE: DNA 

<213> ORGANISM: Listeria monocytogenes 
<4 00> SEQUENCE: 2 

ggtacctcct ttgattagta tattcctatc ttaaagtgac ttttatgttg aggcattaac 60 
atttgttaac gacgataaag ggacagcagg actagaataa agctataaag caagcatata 120 
atattgegtt tcatctttag aagcgaattt cgecaatatt ataattatca aaagagaggg 180 
gtggcaaacg gtatttggca ttattaggtt aaaaaatgta gaaggagagt gaaacccatg 240 



<210> SEQ ID NO 3 
<211> LENGTH: 3105 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Fusion protein coding sequence 
<400> SEQUENCE: 3 

atgaaaaaaa taatgctagt ttttattaca cttatattag ttagtctacc aattgcgcaa 60 
caaactgaag caaaggatgc atetgeatte aataaagaaa attcaatttc atccatggca 120 



ccaccagcat ctccgcctgc aagtcctaag acgccaatcg aaaagaaaca cgcggatctc 



180 
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aacctccaaa 


cagcccgcgc 


ctgcttcgcc 


ctactataaci 

u. oy u uy j J 


y u. uy uy u yu. u 




240 


qcqqcqqcqc 


aqqqcaaqqa 


aqtqqtactq 


ctggactttg 


ctqcaqctqq 


aqqqqaqctc 


300 


ggctggctca 


cacacccgta 


tggcaaaggg 


tgggacctga 


tgcagaacat 


catgaatgac 


360 


atgccgatct 


acatgtactc 


cgtgt gcaac 


ataatatcta 

y a uy uu. uy 


yuyauuoyya 


caactggctc 


420 


cgcaccaact 


aaatatacca 


aaaaa aaact 

ayy ay uyy u u 


gagegtatet 


tcattgagct 


caagtttact 


480 


gtacgtgact 


gcaacagctt 


ccctaotoac 

u-u-u. uy y tyyi. 


gccagctcct 


gcaaggagac 


tttcaacctc 


540 


tactatgccg 


agtcggacct 


qqactacqqc 

yyuu.uuu.yyv. 


accaacttcc 


agaagegect 


gttcaccaag 


600 


attgacacca 


ttgcgcccga 


t gaga tea cc 


gtcagcagcg 


acttcgaggc 


aegee aegt g 


660 


a ay u tyaauy 


+• a a ft eta fhctcet 
uggaggag eg 


c-t" ccai" aaaa 
u. uu-uy u y y y y 


u. u.y u< LLatLU 


yLaaayyLL u 


u. uauu tyyuu 


720 


L tUUOy y U Lu 


tL-yy u y L. u* uy 


uy l y y l- y l. l y 


I- u \— L U. L. y ILL 


y Ly LULaLLu 


Laayaay uy u 


780 






yy(,ttat u uu, 


r— r~* +■ nArrArr*A 
LLtyaya^^a 


tcgccggctc 


tgatgeaect 


84 0 


UUUU uy y L. L.O. 


u. uy Ly y u. l. y y 


LuLLLy uy uy 


nAPPA4*nrrrf 
yaLta tytL.y 


L y y L^LLaLL 




900 


gagccccgta 


tgcactgtgc 


agtggatggc 


yagtggctyg 


tgcccattgg 


gcagt gc ct g 


960 


uyu*u-ayyuay 


aCr arnfl naa 

y ^ LuL-vj ay aa 


yy uyyayyau 


rtppf rtpp Arm 
y ll LyuLayy 


pr r* n r~* r< 

LLLyL LLyLL 


uyyauuuuuu 


1020 


aay i. u uy ay y 


u,aLu.Lyayay 


nrtrrf 4- 4- /^f 
LvLLLyuuty 


gay LytLLuy 


ayL.au.QL.yu. u 


yLLaLLLLLL 


108 0 


yayyyuyu. u. a 




y Ly Lyayy aa 


yyc LLLL LLt, 


gggcacctca 


ggacccagcg 


114 0 


Li^yatyut. u t 


gcacacgacc 


cccctccgcc 


ccacactacc 


tcacagccgt 


gggcatgggt 


1200 


yu.uaayyuyy 




y yULLLLl, 


t.ay yauayty 


ggggecgega 


ggacattgtc 


126 0 


tacagcgtca 


u u ^y vy uuva 


rr^f cine* c* c 


geg "cc-egggg 


A«f ct c* ci a ci r* c* 


y uy u y ay y u. u. 


1320 


ay u y u y u y u u 


ot LL.yy ay v>i^ 


L^a^y yu 


u. tyatc^yta 


r 1 « rr+* rrf- n« r* 
u Lay iy lyau 


ayu.yayu.yau. 


1380 




a(,otyacn.ua 




gtggaggccc 




c teaggect g 


14 4 0 


gt aaccagcc 


gcagct t c eg 


u a u Ly^^ay u 


nJ-fAnrAtrA 
y tLay ta i^u 


ocLayoLaya 


yu-u-u.uu-u.aay 


1500 


y uy ayy u. u yy 


agggcegcag 


caccacctcg 


ettagegtet 




uu.u-u.uu-y u-u y 


1560 


cagcagagcc 


yay^y uyyaa 


y LaLyayyLL 


Artf Appfrr A 
□LLLDLL ULa 




ctccaacagc 


162 0 




yuuyuauu ya 


yyy i i lllll 


y Ly aLLv ty y 


aty au t u y y 


UUUuLj uLClLL 


1680 


acctacctgg 


tecaggtgea 


ggcactgacg 


caggagggee 


agggggcegg 


cagcagggt g 




cacgaattcc 


agacgctgtc 


ccegg aggga 


tctggcaact 


tggcggt gat 


t ggcggcgt g 


180 0 


gctgtcggtg 


tggtcctget 


tctggtgctg 


gcaggagttg 


gcttctttat 


ccaccgcagg 


1860 


aggaagaacc 


agcgtgcccg 


ccagtccccg 


gaggacgttt 


acttctccaa 


gtcagaacaa 


1920 


ctgaagcccc 


tgaagacata 


cgtggacccc 


cacacatatg 


aggaccccaa 


ccaggctgtg 


1980 


ttgaagtt ca 


ctaccgagat 


ccatccatcc 


tgtgtcactc 


ggcagaaggt 


gateggagea 


2040 


ggagagtttg 


gggaggtgta 


caagggcatg 


ctgaagacat 


ecteggggaa 


gaaggaggtg 


2100 


ccggtggcca 


teaagacget 


gaaagcegge 


tacacagaga 


ageagegagt 


ggacttcctc 


2160 


ggcgaggccg 


gcatcatggg 


ccagttcagc 


caccacaaca 


tcatccgcct 


agagggegtc 


2220 


atctccaaat 


acaagcccat 


gatgatcatc 


actgagtaca 


tggagaatgg 


ggccctggac 


2280 


aagttccttc 


gggagaagga 


tggcgagttc 


agcgtgctgc 


agctggtggg 


catgetgegg 


2340 


ggcatcgcag 


ctggcatgaa 


gtacctggcc 


aacatgaact 


atgtgcaccg 


tgacctggct 


2400 


gcccgcaaca 


tcctcgtcaa 


cagcaacctg 


gtctgeaagg 


tgtctgactt 


tggcctgtcc 


2460 
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cgcgtgctgg 


aggacgaccc 


cgaggccacc 


tacaccacca 


gtggcggcaa gatccccatc 


2520 


cgctggaccg 


ccccggaggc 


catttcctac 


cggaagttca 


cctctgccag cgacgtgtgg 


2580 


agctttggca 


ttgtcatgtg 


ggaggtgatg 


acctatggcg 


agcggcccta ctgggagttg 


2640 


tccaaccacg 


aggtgatgaa 


agccatcaat 


gatggcttcc 


ggctccccac acccatggac 


2700 


tgcccctccg 


ccatctacca 


gctcatgatg 


cagtgctggc 


agcaggagcg tgcccgccgc 


2760 


cccaagttcg 


ctgacatcgt 


cagcatcctg 


gacaagctca 


ttcgtgcccc tgactccctc 


2820 


aagaccctgg 


ctgactttga 


cccccgcgtg 


tctatccggc 


tccccagcac gagcggctcg 


2880 


gagggggtgc 


ccttccgcac 


ggtgtccgag 


tggctggagt 


ccatcaagat gcagcagtat 


2940 


acggagcact 


tcatggcggc 


cggctacact 


gccatcgaga 


aggtggtgca gatgaccaac 


3000 


gacgacatca 


agaggattgg 


ggtgcggctg 


cccggccacc 


agaagcgcat cgcctacagc 


3060 


ctgctgggac 


tcaaggacca 


ggtgaacact 


gtggggatcc 


ccatc 


3105 



<210> SEQ ID NO 4 
<211> LENGTH: 1035 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Fusion protein 
<4 00> SEQUENCE: 4 

Met Lys Lys lie Met Leu Val Phe lie Thr Leu lie Leu Val Ser Leu 
15 10 15 

Pro lie Ala Gin Gin Thr Glu Ala Lys Asp Ala Ser Ala Phe Asn Lys 
20 25 30 

Glu Asn Ser lie Ser Ser Met Ala Pro Pro Ala Ser Pro Pro Ala Ser 
35 40 * 45 

Pro Lys Thr Pro lie Glu Lys Lys His Ala Asp Leu Glu Leu Gin Ala 
50 55 60 

Ala Arg Ala Cys Phe Ala Leu Leu Trp Gly Cys Ala Leu Ala Ala Ala 
65 70 75 80 

Ala Ala Ala Gin Gly Lys Glu Val Val Leu Leu Asp Phe Ala Ala Ala 
85 90 95 

Gly Gly Glu Leu Gly Trp Leu Thr His Pro Tyr Gly Lys Gly Trp Asp 
100 105 110 

Leu Met Gin Asn lie Met Asn Asp Met Pro He Tyr Met Tyr Ser Val 
115 120 125 

Cys Asn Val Met Ser Gly Asp Gin Asp Asn Trp Leu Arg Thr Asn Trp 
130 135 140 

Val Tyr Arg Gly Glu Ala Glu Arg He Phe He Glu Leu Lys Phe Thr 
145 150 155 160 

Val Arg Asp Cys Asn Ser Phe Pro Gly Gly Ala Ser Ser CyB Lys Glu 
165 170 175 

Thr Phe Asn Leu Tyr Tyr Ala Glu Ser Asp Leu Asp Tyr Gly Thr Asn 
180 185 190 

Phe Gin Lys Arg Leu Phe Thr Lys He Asp Thr He Ala Pro Asp Glu 
195 200 205 

He Thr Val Ser Ser Asp Phe Glu Ala Arg His Val Lys Leu Asn Val 
210 215 220 

Glu Glu Arg Ser Val Gly Pro Leu Thr Arg Lys Gly Phe Tyr Leu Ala 



US 2005/0249748 Al 



Nov. 10, 2005 



81 



-continued 



225 



230 



235 



240 



Phe Gin Asp He Gly Ala Cys Vol Ala Leu Leu Ser Val Arg Val Tyr 
245 250 255 

Tyr Lye Lys Cys Pro Glu Leu Leu Gin Gly Leu Ala His Phe Pro Glu 
260 265 270 

Thr He Ala Gly Ser Asp Ala Pro Ser Leu Ala Thr Val Ala Gly Thr 

275 280 285 

Cys Val Asp His Ala Val Val Pro Pro Gly Gly Glu Glu Pro Arg Met 
290 295 300 

His Cys Ala Val Asp Gly Glu Trp Leu Val Pro He Gly Gin Cys Leu 
305 310 315 320 

Cys Gin Ala Gly Tyr Glu Lys Val Glu Asp Ala Cys Gin Ala Cys Ser 
325 330 335 

Pro Gly Phe Phe Lys Phe Glu Ala Ser Glu Ser Pro Cys Leu Glu Cys 
340 " 345 350 

Pro Glu His Thr Leu Pro Ser Pro Glu Gly Ala Thr Ser Cys Glu Cys 
355 360 365 

Glu Glu Gly Phe Phe Arg Ala Pro Gin Asp Pro Ala Ser Met Pro Cys 
370 375 380 

Thr Arg Pro Pro Ser Ala Pro His Tyr Leu Thr Ala Val Gly Met Gly 
385 390 395 400 

Ala Lys Val Glu Leu Arg Trp Thr Pro Pro Gin Asp Ser Gly Gly Arg 
405 410 415 

Glu Asp He Val Tyr Ser Val Thr Cys Glu Gin Cys Trp Pro Glu Ser 
420 425 430 

Gly Glu Cys Gly Pro Cys Glu Ala Ser Val Arg Tyr Ser Glu Pro Pro 
435 " 440 445 

His Gly Leu Thr Arg Thr Ser Val Thr Val Ser Asp Leu Glu Pro His 
450 455 460 

Met Asn Tyr Thr Phe Thr Val Glu Ala Arg Asn Gly Val Ser Gly Leu 
465 470 475 480 

Val Thr Ser Arg Ser Phe Arg Thr Ala Ser Val Ser He Asn Gin Thr 
485 490 495 

Glu Pro Pro Lys Val Arg Leu Glu Gly Arg Ser Thr Thr Ser Leu Ser 
500 505 510 

Val Ser Trp Ser He Pro Pro Pro Gin Gin Ser Arg Val Trp Lys Tyr 
515 520 525 

Glu Val Thr Tyr Arg Lys Lys Gly Asp Ser Asn Ser Tyr Asn Val Arg 
530 " * 535 540 

Arg Thr Glu Gly Phe Ser Val Thr Leu Asp Asp Leu Ala Pro Asp Thr 
545 550 555 560 

Thr Tyr Leu Val Gin Val Gin Ala Leu Thr Gin Glu Gly Gin Gly Ala 
565 570 575 

Gly Ser Arg Vol His Glu Phe Gin Thr Leu Ser Pro Glu Gly Ser Gly 
580 585 590 

Asn Leu Ala Val He Gly Gly Val Ala Val Gly Val Val Leu Leu Leu 
595 600 605 

Val Leu Ala Gly Val Gly Phe Phe He His Arg Arg Arg Lys Asn Gin 
610 615 620 

Arg Ala Arg Gin Ser Pro Glu Asp Val Tyr Phe Ser Lys Ser Glu Gin 
625 630 635 640 
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Leu Lys Pro Leu Lys Thr Tyr Val Asp Pro His Thr Tyr Glu Asp Pro 
645 650 655 

Asn Gin Ala Val Leu Lys Phe Thr Thr Glu lie His Pro Ser Cys Val 
660 665 670 

Thr Arg Gin Lys Val He Gly Ala Gly Glu Phe Gly Glu Val Tyr Lys 
675 680 685 

Gly Met Leu Lys Thr Ser Ser Gly Lys Lys Glu Val Pro Val Ala He 
690 695 700 

Lys Thr Leu Lys Ala Gly Tyr Thr Glu Lys Gin Arg Val Asp Phe Leu 
705 710 715 720 

Gly Glu Ala Gly He Met Gly Gin Phe Ser His His Asn He He Arg 
725 730 735 

Leu Glu Gly Val He Ser Lys Tyr Lys Pro Met Met He He Thr Glu 
740 745 750 

Tyr Met Glu Asn Gly Ala Leu Asp Lys Phe Leu Arg Glu Lys Asp Gly 
755 760 765 

Glu Phe Ser Val Leu Gin Leu Val Gly Met Leu Arg Gly He Ala Ala 
770 775 780 

Gly Met Lys Tyr Leu Ala Asn Met Asn Tyr Val His Arg Asp Leu Ala 
785 790 795 800 

Ala Arg Asn He Leu Val Asn Ser Asn Leu Val Cys Lys Val Ser Asp 
805 810 815 

Phe Gly Leu Ser Arg Val Leu Glu Asp Asp Pro Glu Ala Thr Tyr Thr 
820 825 830 

Thr Ser Gly Gly Lys He Pro He Arg Trp Thr Ala Pro Glu Ala He 
835 840 845 

Ser Tyr Arg Lys Phe Thr Ser Ala Ser Asp Val Trp Ser Phe Gly lie 
850 * 855 860 

Val Met Trp Glu Val Met Thr Tyr Gly Glu Arg Pro Tyr Trp Glu Leu 
865 870 875 880 

Ser Asn His Glu Val Met Lys Ala He Asn Asp Gly Phe Arg Leu Pro 
885 890 895 

Thr Pro Met Asp Cys Pro Ser Ala He Tyr Gin Leu Met Met Gin Cys 
900 905 910 

Trp Gin Gin Glu Arg Ala Arg Arg Pro Ly6 Phe Ala Asp He Val Ser 
915 920 925 

He Leu Asp Lys Leu He Arg Ala Pro Asp Ser Leu Lys Thr Leu Ala 
930 935 940 

Asp Phe Asp Pro Arg Val Ser He Arg Leu Pro Ser Thr Ser Gly Ser 
945 950 955 960 

Glu Gly Val Pro Phe Arg Thr Val Ser Glu Trp Leu Glu Ser He Lys 
965 970 975 

Met Gin Gin Tyr Thr Glu His Phe Met Ala Ala Gly Tyr Thr Ala He 
980 985 990 

Glu Lys Val Val Gin Met Thr Asn Asp Asp He Lys Arg He Gly Val 
995 1000 1005 

Arg Leu Pro Gly His Gin Lys Arg He Ala Tyr Ser Leu Leu Gly Leu 
1010 1015 * 1020 



Lys Asp Gin Val Asn Thr Val Gly He Pro He 
1025 103 0 1035 
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<210> SEQ ID NO 5 

<211> LENGTH: 1506 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 00> SEQUENCE : 5 



cagggcaagg 


oagtggtact 


gctggacttt 


gctgcagctg gaggggagct cggctggctc 


60 


acacacccgt 


atggcaaagg 


gtgggacctg 


atgcagaaca tcatgaatga catgccgatc 


120 


tacatgtact 


ccgtgtgcaa 


cgtgatgtct 


ggcgaccagg acaactggct ccgcaccaac 


180 


tgggtgtacc 


gaggagaggc 


tgagcgtatc 


ttcattgagc tcaagtttac tgtacgtgac 


240 


tgcaacagct 


tccctggtgg 


cgccagctcc 


tgcaaggaga ctttcaacct ctactatgcc 


300 


gagtcggacc 


tggactacgg 


caccaacttc 


cagaagcgcc tgttcaccaa gattgacacc 


360 


attgcgcccg 


atgagatcac 


cgtcagcagc 


gacttcgagg cacgccacgt gaagctgaac 


420 


gtggaggagc 


gctccgtggg 


gccgctcacc 


cgcaaaggct tctacctggc cttccaggat 


480 


atcggtgcct 


gtgtggcgct 


gctctccgtc 


cgtgtctact acaagaagtg ccccgagctg 


540 


ctgcagggcc 


tggcccactt 


ccctgagacc 


atcgccggct ctgatgcacc ttccctggcc 


600 


actgtggccg 


gcacctgtgt 


ggaccatgcc 


gtggtgccac cggggggtga agagccccgt 


660 


atgcactgtg 


cagtggatgg 


cgagtggctg 


gtgcccattg ggcagtgcct gtgccaggca 


720 


ggctacgaga 


aggtggagga 


tgcctgccag 


gcctgctcgc ctggattttt taagtttgag 


780 


gcatctgaga 


gcccctgctt 


ggagtgccct 


gagcacacgc tgccatcccc tgagggtgcc 


840 


acctcctgcg 


agtgtgagga 


aggcttcttc 


cgggcacctc aggacccagc gtcgatgcct 


900 


tgcacacgac 


ccccctccgc 


cccacactac 


ctcacagccg tgggcatggg tgccaaggtg 


960 


gagctgcgct 


ggacgccccc 


tcaggacagc 


gggggccgcg aggacattgt ctacagcgtc 


1020 


acctgcgaac 


agtgctggcc 


cgagtctggg 


gaatgcgggc cgtgtgaggc cagtgtgcgc 


1080 


tactcggagc 


ctcctcacgg 


actgacccgc 


accagtgtga cagtgagcga cctggagccc 


1140 


cacatgaact 


acaccttcac 


cgtggaggcc 


cgcaatggcg tctcaggcct ggtaaccagc 


1200 


cgcagcttcc 


gtactgccag 


tgtcagcatc 


aaccagacag agccccccaa ggtgaggctg 


1260 


gagggccgca 


gcaccacctc 


gcttagcgtc 


tcctggagca tccccccgcc gcagcagagc 


1320 


cgagtgtgga 


agtacgaggt 


cacttaccgc 


aagaagggag actccaacag ctacaatgtg 


1380 


cgccgcaccg 


agggtttctc 


cgtgaccctg 


gacgacctgg ccccagacac cacctacctg 


1440 


gtccaggtgc 


aggcactgac 


gcaggagggc 


cagggggccg gcagcagggt gcacgaattc 


1500 



cagacg 1506 

<210> SEQ ID NO 6 
<211> LENGTH: 1506 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Codon-optimized sequence 
<4 00> SEQUENCE: 6 

caaggtaaag aagttgtttt attagatttt gcagcagcag gtggtgaatt aggttggtta 6 0 

acacatccat atggtaaagg ttgggattta atgcaaaata ttatgaatga tatgccaatt 120 
tatatgtata gtgtttgtaa tgttatgagt ggtgatcaag ataattggtt acgtacaaat 180 
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tgggtttatc gtggtgaagc agaacgtatt tttattgaat taaaatttac agttcgtgat 240 

tgtaatagtt ttccaggtgg tgcaagtagt tgtaaagaaa catttaattt atattatgca 300 

gaaagtgatt tagattatgg tacaaatttt caaaaacgtt tatttacaaa aattgataca 360 

attgcaccag atgaaattac agttagtagt gattttgaag cacgtcatgt taaattaaat 420 

gttgaagaac gtagtgttgg tccattaaca cgtaaaggtt tttatttagc atttcaagat 480 

attggtgcat gtgttgcatt attaagtgtt cgtgtttatt ataaaaaatg tccagaatta 540 

ttacaaggtt tagcacattt tccagaaaca attgcaggta gtgatgcacc aagtttagca 600 

acagttgcag gtacatgtgt tgatcatgca gttgttccac caggtggtga agaaccacgt 660 

atgcattgtg cagttgatgg tgaatggtta gttccaattg gtcaatgttt atgtcaagca 720 

ggttatgaaa aagttgaaga tgcatgtcaa gcatgtagtc caggtttttt taaatttgaa 780 

gcaagtgaaa gtccatgttt agaatgtcca gaacatacat taccaagtcc agaaggtgca 84 0 

acaagttgtg aatgtgaaga aggttttttt cgtgcaccac aagatccagc aagtatgcca 900 

tgtacacgtc caccaagtgc accacattat ttaacagcag ttggtatggg tgcaaaagtt 960 

gaattacgtt ggacaccacc acaagatagt ggtggtcgtg aagatattgt ttatagtgtt 1020 

acatgtgaac aatgttggcc agaaagtggt gaatgtggtc catgtgaagc aagtgttcgt 1080 

tatagtgaec caccacatgg tttaacacgt acaagtgtta cagttagtga tttagaacca 1140 

catatgaatt atacatttac agttgaagca cgtaatggtg ttagtggttt agttacaagt 1200 

cgtagttttc gtacagcaag tgttagtatt aatcaaacag aaccaccaaa agttcgttta 1260 

gaaggtcgta gtacaacaag tttaagtgtt agttggagta ttccaccacc acaacaaagt 1320 

cgtgtttgga aatatgaagt tacatatcgt aaaaaaggtg atagtaatag ttataatgtt 1380 

cgtcgtacag aaggttttag tgttacatta gatgatttag caccagatac aacatattta 1440 

gttcaagttc aagcattaac acaagaaggt caaggtgcag gtagtcgtgt tcatgaattt 1500 

caaaca 1506 



<210> SEQ ID NO 7 

<2 1 1> LENGTH: 502 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 00> SEQUENCE: 7 

Gin Gly Lys Glu Val Val Leu Leu Asp Phe Ala Ala Ala Gly Gly Glu 
15 10 15 

Leu Gly Trp Leu Thr His Pro Tyr Gly Lys Gly Trp Asp Leu Met Gin 
20 25 30 

Asn lie Met Asn Asp Met Pro He Tyr Met Tyr Ser Val Cys Asn Val 
35 40 45 

Met Ser Gly Asp Gin Asp Asn Trp Leu Arg Thr Asn Trp Val Tyr Arg 
50 55 60 

Gly Glu Ala Glu Arg He Phe He Glu Leu Lys Phe Thr Val Arg Asp 
65 70 75 80 

Cys Asn Ser Phe Pro Gly Gly Ala Ser Ser Cys Lys Glu Thr Phe Asn 
85 90 95 

Leu Tyr Tyr Ala Glu Ser Asp Leu Asp Tyr Gly Thr Asn Phe Gin Lys 
100 105 110 

Arg Leu Phe Thr Lys He Asp Thr He Ala Pro Asp Glu He Thr Val 
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115 120 125 

Ser Ser Asp Phe Glu Ala Arg His Val Lys Leu Asn Val Glu Glu Arg 
130 135 * 140 

Ser Val Gly Pro Leu Thr Arg Lys Gly Phe Tyr Leu Ala Phe Gin Asp 
145 150 " 155 160 

lie Gly Ala Cys Val Ala Leu Leu Ser Val Arg Val Tyr Tyr Lys Lys 
165 170 175 

Cys Pro Glu Leu Leu Gin Gly Leu Ala His Phe Pro Glu Thr lie Ala 
180 185 190 

Gly Ser Asp Ala Pro Ser Leu Ala Thr Val Ala Gly Thr Cys Val Asp 
195 200 205 

His Ala Val Val Pro Pro Gly Gly Glu Glu Pro Arg Met His Cys Ala 
210 215 220 

Val Asp Gly Glu Trp Leu Val Pro lie Gly Gin Cys Leu Cys Gin Ala 
225 230 235 240 

Gly Tyr Glu Lys Val Glu Asp Ala Cys Gin Ala Cys Ser Pro Gly Phe 
245 250 255 

Phe Lys Phe Glu Ala Ser Glu Ser Pro Cys Leu Glu Cys Pro Glu His 
260 265 270 

Thr Leu Pro Ser Pro Glu Gly Ala Thr Ser Cys Glu Cys Glu Glu Gly 

275 s 280 285 

Phe Phe Arg Ala Pro Gin Asp Pro Ala Ser Met Pro Cys Thr Arg Pro 
290 295 300 

Pro Ser Ala Pro His Tyr Leu Thr Ala Val Gly Met Gly Ala Lys Val 
305 310 315 320 

Glu Leu Arg Trp Thr Pro Pro Gin Asp Ser Gly Gly Arg Glu Asp lie 
325 330 ~ 335 

Val Tyr Ser Val Thr Cys Glu Gin Cys Trp Pro Glu Ser Gly Glu Cys 
340 345 350 

Gly Pro Cys Glu Ala Ser Val Arg Tyr Ser Glu Pro Pro His Gly Leu 
355 360 365 

Thr Arg Thr Ser Val Thr Val Ser Asp Leu Glu Pro His Met Asn Tyr 
370 375 380 

Thr Phe Thr Val Glu Ala Arg Asn Gly Val Ser Gly Leu Val Thr Ser 
385 390 395 400 

Arg Ser Phe Arg Thr Ala Ser Val Ser He Asn Gin Thr Glu Pro Pro 
405 410 415 

Lys Val Arg Leu Glu Gly Arg Ser Thr Thr Ser Leu Ser Val Ser Trp 
420 425 430 

Ser He Pro Pro Pro Gin Gin Ser Arg Val Trp Lys Tyr Glu Val Thr 
435 440 445 

Tyr Arg Lys Lys Gly Asp Ser Asn Ser Tyr Asn Val Arg Arg Thr Glu 
450 455 460 

Gly Phe Ser Val Thr Leu Asp Asp Leu Ala Pro Asp Thr Thr Tyr Leu 
4 65 4 70 * 4 75 ' 480 

Val Gin Val Gin Ala Leu Thr Gin Glu Gly Gin Gly Ala Gly Ser Arg 
485 490 495 

Val His Glu Phe Gin Thr 
500 



<210> SEQ ID KO 8 
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<211> LENGTH: 1689 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Fusion protein coding sequence 

<400> SEQUENCE: 8 



atgaaaaaaa 


taatgctagt 


ttttattaca 


cttatattag 


ttagtctacc aattgcgcaa 


60 


caaactgaag 


caaaggatgc 


atctgcattc 


aataaagaaa 


attcaatttc atccatggca 


120 


ccaccagcat 


ctccgcctgc 


aagtcctaag 


acgccaatcg 


aaaagaaaca cgcggatctc 


180 


gagcagggca 


aggaagtggt 


actgctggac 


tttgctgcag ctggagggga gctcggctgg 


240 


ctcacacacc 


cgtatggcaa 


agggtgggac 


ctgatgcaga 


acatcatgaa tgacatgccg 


300 


atctacatgt 


actccgtgtg 


caacgtgatg 


tctggcgacc 


aggacaactg gctccgcacc 


360 


aactgggtgt 


accgaggaga 


ggctgagcgt 


atcttcattg 


agctcaagtt tactgtacgt 


420 


gactgcaaca 


gcttccctgg 


tggcgccagc 


tcctgcaagg 


agactttcaa cctctactat 


480 


gccgagtcgg 


acctggacta 


cggcaccaac 


ttccagaagc 


gcctgttcac caagattgac 


540 


accattgcgc 


ccgatgagat 


caccgtcagc 


agcgacttcg 


aggcacgcca cgtgaagctg 


600 


aacgtggagg 


agcgctccgt 


ggggccgctc 


acccgcaaag 


gcttctacct ggccttccag 


660 


gatatcggtg 


cctgtgtggc 


gctgctctcc 


gtccgtgtct 


actacaagaa gtgccccgag 


720 


ctgctgcagg 


gcctggccca 


cttccctgag 


accatcgccg 


gctctgatgc accttccctg 


780 


gccactgtgg 


ccggcacctg 


tgtggaccat 


gccgtggtgc 


caccgggggg tgaagagccc 


840 


cgtatgcact 


gtgcagtgga 


tggcgagtgg 


ctggtgccca ttgggcagtg cctgtgccag 


900 


gcaggctacg 


agaaggtgga 


ggatgcctgc 


caggcctgct 


cgcctggatt ttttaagttt 


960 


gaggcatctg 


agagcccctg 


cttggagtgc 


cctgagcaca 


cgctgccatc ccctgagggt 


1020 


gccacctcct 


gcgagtgtga 


ggaaggcttc 


ttccgggcac 


ctcaggaccc agcgtcgatg 


1080 


ccttgcacac 


gacccccctc 


cgccccacac 


tacctcacag 


ccgtgggcat gggtgccaag 


1140 


gtggagctgc 


gctggacgcc 


ccctcaggac 


agcgggggcc 


gcgaggacat tgtctacagc 


1200 


gtcacctgcg 


aacagtgctg 


gcccgagtct 


ggggaatgcg ggccgtgtga ggccagtgtg 


1260 


cgctactcgg 


agcctcctca 


cggactgacc 


cgcaccagtg tgacagtgag cgacctggag 


1320 


ccccacatga 


actacacctt 


caccgtggag 


gcccgcaatg 


gcgtctcagg cctggtaacc 


1380 


agccgcagct 


tccgtactgc 


cagtgtcagc 


atcaaccaga 


cagagccccc caaggtgagg 


1440 


ctggagggcc 


gcagcaccac 


ctcgcttagc 


gtctcctgga 


gcatcccccc gccgcagcag 


1500 


agccgagtgt 


ggaagtacga 


ggtcacttac 


cgcaagaagg 


gagactccaa cagctacaat 


1560 


gtgcgccgca 


ccgagggttt 


ctccgtgacc 


ctggacgacc 


tggccccaga caccacctac 


1620 


ctggtccagg 


tgcaggcact 


gacgcaggag 


ggccaggggg 


ccggcagcag ggtgcacgaa 


1680 


ttccagacg 










1689 



<210> SEQ ID NO 9 

<211> LENGTH: 563 

<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 

<2 20> FEATURE: 

<223> OTHER INFORMATION: Fusion protein 



<4 00> SEQUENCE: 9 
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-continued 

Met Lys Lys He Met Leu Val Phe He Thr Leu He Leu Val Ser Leu 
1 5 10 15 

Pro He Ala Gin Gin Thr Glu Ala Lys Asp Ala Ser Ala Phe Asn Lys 
20 25 30 

Glu Asn Ser He Ser Ser Met Ala Pro Pro Ala Ser Pro Pro Ala Ser 
35 40 45 

Pro Lys Thr Pro He Glu Lys Lys His Ala Asp Leu Glu Gin Gly Lys 
50 55 60 

Glu Val Val Leu Leu Asp Phe Ala Ala Ala Gly Gly Glu Leu Gly Trp 
65 70 75 80 

Leu Thr His Pro Tyr Gly Lys Gly Trp Asp Leu Met Gin Asn lie Met 
85 90 95 

Asn Asp Met Pro He Tyr Met Tyr Ser Val Cys Asn Val Met Ser Gly 
100 105 110 

Asp Gin Asp Asn Trp Leu Arg Thr Asn Trp Val Tyr Arg Gly Glu Ala 
115 120 125 

Glu Arg He Phe He Glu Leu Lys Phe Thr Val Arg Asp Cys Asn Ser 
130 135 " 140 

Phe Pro Gly Gly Ala Ser Ser Cys Lys Glu Thr Phe Asn Leu Tyr Tyr 
145 150 " ' 155 160 

Ala Glu Ser Asp Leu Asp Tyr Gly Thr Asn Phe Gin Lys Arg Leu Phe 
165 170 175 

Thr Lys He Asp Thr He Ala Pro Asp Glu He Thr Val Ser Ser Asp 
180 185 190 

Phe Glu Ala Arg His Val Lys Leu Asn Val Glu Glu Arg Ser Val Gly 
195 200 205 

Pro Leu Thr Arg Lys Gly Phe Tyr Leu Ala Phe Gin Asp He Gly Ala 
210 215 220 

Cys Val Ala Leu Leu Ser Val Arg Val Tyr Tyr Lys Lys Cys Pro Glu 
225 230 235 " 240 

Leu Leu Gin Gly Leu Ala His Phe Pro Glu Thr He Ala Gly Ser Asp 
245 250 255 

Ala Pro Ser Leu Ala Thr Val Ala Gly Thr Cys Val Asp His Ala Val 
260 265 270 

Val Pro Pro Gly Gly Glu Glu Pro Arg Met His Cys Ala Val Asp Gly 
275 280 285 

Glu Trp Leu Val Pro He Gly Gin Cys Leu Cys Gin Ala Gly Tyr Glu 
290 295 300 

Lys Val Glu Asp Ala Cys Gin Ala Cys Ser Pro Gly Phe Phe Lys Phe 
305 310 315 320 

Glu Ala Ser Glu Ser Pro Cys Leu Glu Cys Pro Glu His Thr Leu Pro 
325 330 335 

Ser Pro Glu Gly Ala Thr Ser Cys Glu Cys Glu Glu Gly Phe Phe Arg 
340 345 350 

Ala Pro Gin Asp Pro Ala Ser Met Pro Cys Thr Arg Pro Pro Ser Ala 
355 360 365 

Pro His Tyr Leu Thr Ala Val Gly Met Gly Ala Lys Val Glu Leu Arg 
370 375 380 

Trp Thr Pro Pro Gin Asp Ser Gly Gly Arg Glu Asp He Val Tyr Ser 
385 390 395 400 

Val Thr Cys Glu Gin Cys Trp Pro Glu Ser Gly Glu Cys Gly Pro Cys 
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405 410 415 

Glu Ala Ser Val Arg Tyr Ser Glu Pro Pro His Gly Leu Thr Arg Thr 
420 425 430 

Ser Val Thr Val Ser Asp Leu Glu Pro His Met Asn Tyr Thr Phe Thr 
435 440 445 

Val Glu Ala Arg Asn Gly Val Ser Gly Leu Val Thr Ser Arg Ser Phe 
450 455 460 

Arg Thr Ala Ser Val Ser lie Asn Gin Thr Glu Pro Pro Lys Val Arg 
465 470 475 480 

Leu Glu Gly Arg Ser Thr Thr Ser Leu Ser Val Ser Trp Ser lie Pro 
485 490 495 

Pro Pro Gin Gin Ser Arg Val Trp Lys Tyr Glu Val Thr Tyr Arg Lys 
500 505 510 

Lys Gly Asp Ser Asn Ser Tyr Asn Val Arg Arg Thr Glu Gly Phe Ser 
515 520 525 

Val Thr Leu Asp Asp Leu Ala Pro Asp Thr Thr Tyr Leu Val Gin Val 
530 535 540 

Gin Ala Leu Thr Gin Glu Gly Gin Gly Ala Gly Ser Arg Val His Glu 
545 550 555 560 

Phe Gin Thr 

<210> SEQ ID NO 10 
<211> LENGTH: 198 9 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Expression cassette, encodes fusion protein 
<4 00> SEQUENCE: 10 



ggtacctcct 


ttgattagta 


tattcctatc 


ttaaagttac 


ttttatgtgg 


aggcattaac 


60 


atttgttaat 


gacgtcaaaa 


ggatagcaag 


actagaataa 


agctataaag 


caagcatata 


120 


atattgcgtt 


tcatctttag 


aagcgaattt 


cgccaatatt 


ataattatca 


aaagagaggg 


180 


gtggcaaacg 


gtatttggca 


ttattaggtt 


aaaaaatgta 


gaaggagagt 


gaaacccatg 


240 


aaaaaaataa 


tgctagtttt 


tattacactt 


atattagtta 


gtctaccaat 


tgcgcaacaa 


300 


actgaagcaa 


aggatgcatc 


tgcattcaat 


aaagaaaatt 


caatttcatc 


catggcacca 


360 


ccagcatctc 


cgcctgcaag 


tcctaagacg 


ccaatcgaaa 


agaaacacgc 


ggatggatcc 


420 


gattataaag 


atgatgatga 


taaacaaggt 


aaagaagttg 


ttttattaga 


ttttgcagca 


480 


gcaggtggtg 


aattaggttg 


gttaacacat 


ccatatggta 


aaggttggga 


tttaatgcaa 


540 


aatattatga 


atgatatgcc 


aatttatatg 


tatagtgttt 


gtaatgttat 


gagtggtgat 


600 


caagataatt 


ggttacgtac 


aaattgggtt 


tatcgtggtg 


aagcagaacg 


tatttttatt 


660 


gaattaaaat 


ttacagttcg 


tgattgtaat 


agttttccag 


gtggtgcaag 


tagttgtaaa 


720 


gaaacattta 


atttatatta 


tgcagaaagt 


gatttagatt 


atggtacaaa 


ttttcaaaaa 


780 


cgtttattta 


caaaaattga 


tacaattgca 


ccagatgaaa 


ttacagttag 


tagtgatttt 


840 


gaagcacgtc 


atgttaaatt 


aaatgttgaa 


gaacgtagtg 


ttggtccatt 


aacacgtaaa 


900 


ggtttttatt 


tagcatttca 


agatattggt 


gcatgtgttg 


cattattaag 


tgttcgtgtt 


960 


tattataaaa 


aatgtccaga 


attattacaa 


ggtttagcac 


attttccaga 


aacaattgca 


1020 


ggtagtgatg 


caccaagttt 


agcaacagtt 


gcaggtacat 


gtgttgatca 


tgcagttgtt 


1080 
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ccaccaggtg 


gtgaagaacc 


acgtatgcat 


tgtgcagttg atggtgaatg gttagttcca 


1140 


attggtcaat 


gtttatgtca 


agcaggtt at 


gaaaaagttg aagatgcatg tcaagcatgt 


1200 


agtccaggtt 


tttttaaatt 


tgaagcaagt 


gaaagtccat gtttagaatg tccagaacat 


1260 


acattaccaa 


qtccaqaaqq 


tgcaacaagt 


tgtgaatgtg aagaaggttt ttttcgtgca 


1320 


ccacaaga tc 


cagcaagtat 


gccatgtaca 


cgtccaccaa gtgcaccaca ttatttaaca 


1380 


gcagttggta 


tgggtgcaaa 


agttgaatta 


cgttggacac caccacaaga tagtggtggt 


1440 


cgtgaagata 


ttgtttatag 


tgttacatgt 


gaacaatgtt ggccagaaag tggtgaatgt 


1500 


ggtccatgtg 


aagcaagtgt 


tcgttatagt 


gaaccaccac atggtttaac acgtacaagt 


1560 


gttacagtta 


gtgatttaga 


accacatatg 


aattatacat ttacagttga agcacgtaat 


1620 


ggtgttagtg 


gtttagttac 


aagtcgtagt 


tttcgtacag caagtgttag tattaatcaa 


1680 


acagaaccac 


caaaagttcg 


tttagaaggt 


cgtagtacaa caagtttaag tgttagttgg 


1740 


agtattccac 


caccacaaca 


aagtcgtgtt 


tggaaatatg aagttacata tcgtaaaaaa 


1800 


ggtgatagta 


atagttataa 


tgttcgtcgt 


acagaaggtt ttagtgttac attagatgat 


1860 


ttagcaccag 


atacaacata 


tttagttcaa 


gttcaagcat taacacaaga aggtcaaggt 


1920 


gcaggtagtc 


gtgttcatga 


atttcaaaca 


gaacaaaaat taattagtga agaagattta 


1980 


tgagagctc 








1989 



<210> SEQ ID NO 11 
<211> LENGTH: 581 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<2 20> FEATURE: 

<223> OTHER INFORMATION: Fusion protein 
<400> SEQUENCE: 11 

Met Lys Lys lie Met Leu Val Phe lie Thr Leu lie Leu Val Ser Leu 
15 10 15 

Pro lie Ala Gin Gin Thr Glu Ala Lys Asp Ala Ser Ala Phe Asn Lys 
20 25 * 30 

Glu Asn Ser lie Ser Ser Met Ala Pro Pro Ala Ser Pro Pro Ala Ser 
35 40 45 

Pro Lys Thr Pro lie Glu Lys Lys His Ala Asp Gly Ser Asp Tyr Lys 
50 55 60 

Asp Asp Asp Asp Lys Gin Gly Lys Glu Val Val Leu Leu Asp Phe Ala 
65 70 75 80 

Ala Ala Gly Gly Glu Leu Gly Trp Leu Thr His Pro Tyr Gly Lys Gly 
85 90 95 

Trp Asp Leu Met Gin Asn lie Met Asn Asp Met Pro lie Tyr Met Tyr 
100 105 110 

Ser Val Cys Asn Val Met Ser Gly Asp Gin Asp Asn Trp Leu Arg Thr 
115 120 125 

Asn Trp Val Tyr Arg Gly Glu Ala Glu Arg He Phe He Glu Leu Lys 
130 135 140 

Phe Thr Val Arg Asp Cys Asn Ser Phe Pro Gly Gly Ala Ser Ser Cys 
145 150 155 160 

Lys Glu Thr Phe Asn Leu Tyr Tyr Ala Glu Ser Asp Leu Asp Tyr Gly 
165 170 175 
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-continued 



Thr Asn Phe Gin Lys Arg Leu Phe Thr Lys lie Asp Thr lie Ala Pro 
180 ~ ' 185 " 190 

Asp Glu lie Thr Val Ser Ser Asp Phe Glu Ala Arg His Val Lys Leu 
195 200 205 

Asn Val Glu Glu Arg Ser Val Gly Pro Leu Thr Arg Lys Gly Phe Tyr 
210 215 220 

Leu Ala Phe Gin Asp He Gly Ala Cys Val Ala Leu Leu Ser Val Arg 
225 230 235 240 

Val Tyr Tyr Lys Lys Cys Pro Glu Leu Leu Gin Gly Leu Ala His Phe 
245 250 255 

Pro Glu Thr He Ala Gly Ser Asp Ala Pro Ser Leu Ala Thr Val Ala 
260 265 270 

Gly Thr Cys Val Asp His Ala Val Val Pro Pro Gly Gly Glu Glu Pro 
275 280 285 

Arg Met His Cys Ala Val Asp Gly Glu Trp Leu Val Pro He Gly Gin 
290 295 300 

Cys Leu Cys Gin Ala Gly Tyr Glu Lys Val Glu Asp Ala Cys Gin Ala 
305 310 315 320 

Cys Ser Pro Gly Phe Phe Lys Phe Glu Ala Ser Glu Ser Pro Cys Leu 
325 330 335 

Glu Cys Pro Glu His Thr Leu Pro Ser Pro Glu Gly Ala Thr Ser Cys 
340 345 350 

Glu Cys Glu Glu Gly Phe Phe Arg Ala Pro Gin Asp Pro Ala Ser Met 
355 360 365 

Pro Cys Thr Arg Pro Pro Ser Ala Pro His Tyr Leu Thr Ala Val Gly 
370 375 ' 380 

Met Gly Ala Lys Val Glu Leu Arg Trp Thr Pro Pro Gin Asp Ser Gly 
385 390 395 400 

Gly Arg Glu Asp He Val Tyr Ser Val Thr Cys Glu Gin Cys Trp Pro 
405 410 415 

Glu Ser Gly Glu Cys Gly Pro Cys Glu Ala Ser Val Arg Tyr Ser Glu 
420 425 430 

Pro Pro His Gly Leu Thr Arg Thr Ser Val Thr Val Ser Asp Leu Glu 
435 440 445 

Pro His Met Asn Tyr Thr Phe Thr Val Glu Ala Arg Asn Gly Val Ser 
450 ' 455 460 

Gly Leu Val Thr Ser Arg Ser Phe Arg Thr Ala Ser Val Ser He Asn 
465 470 475 480 

Gin Thr Glu Pro Pro Lys Val Arg Leu Glu Gly Arg Ser Thr Thr Ser 
485 490 495 

Leu Ser Val Ser Trp Ser lie Pro Pro Pro Gin Gin Ser Arg Val Trp 
500 505 510 

Lys Tyr Glu Val Thr Tyr Arg Lys Lys Gly Asp Ser Asn Ser Tyr Asn 
515 520 " 525 

Val Arg Arg Thr Glu Gly Phe Ser Val Thr Leu Asp Asp Leu Ala Pro 
530 535 540 

Asp Thr Thr Tyr Leu Val Gin Val Gin Ala Leu Thr Gin Glu Gly Gin 
545 550 555 560 

Gly Ala Gly Ser Arg Val His Glu Phe Gin Thr Glu Gin Lys Leu He 



565 



570 



575 



Ser Glu Glu Asp Leu 
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580 

<210> SEQ ID NO 12 

<211> LENGTH: 1989 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Expression cassette, encodes fusion protein 

<400> SEQUENCE: 12 



ggtacctcct 


ttgattagta 


tattcctatc 


ttaaagttac 


ttttatgtgg 


aggcattaac 


60 


atttgttaat 


gacgtcaaaa 


ggatagcaag 


actagaataa 


agctataaag 


caagcatata 


120 


atattgcgtt 


tcatctttag 


aagcgaattt 


cgccaatatt 


ataattatca 


aaagagaggg 


180 


gtggcaaacg 


gtatttggca 


ttattaggtt 


aaaaaatgta 


gaaggagagt 


gaaacccatg 


240 


aaaaaaatta 


tgttagtttt 


tattacatta 


attttagtta 


gtttaccaat 


tgcacaacaa 


300 


acagaagcaa 


aagatgcaag 


tgcatttaat 


aaagaaaata 


gtattagtag 


tatggcacca 


360 


ccagcaagtc 


caccagcaag 


tccaaaaaca 


ccaattgaaa 


aaaaacatgc 


agatggatcc 


420 


gattataaag 


atgatgatga 


taaacaaggt 


aaagaagttg 


ttttattaga 


ttttgcagca 


480 


gcaggtggtg 


aattaggttg 


gttaacacat 


ccatatggta 


aaggttggga 


tttaatgcaa 


540 


aatattatga 


atgatatgcc 


aatttatatg 


tatagtgttt 


gtaatgttat 


gagtggtgat 


600 


caagataatt 


ggttacgtac 


aaattgggtt 


tatcgtggtg 


aagcagaacg 


tatttttatt 


660 


gaattaaaat 


ttacagttcg 


tgattgtaat 


agttttccag 


gtggtgcaag 


tagttgtaaa 


720 


gaaacattta 


atttatatta 


tgcagaaagt 


gatttagatt 


atggtacaaa 


ttttcaaaaa 


780 


cgtttattta 


caaaaattga 


tacaattgca 


ccagatgaaa 


ttacagttag 


tagtgatttt 


840 


gaagcacgtc 


atgttaaatt 


aaatgttgaa 


gaacgtagtg 


ttggtccatt 


aacacgtaaa 


900 


ggtttttatt 


tagcatttca 


agatattggt 


gcatgtgttg 


cattattaag 


tgttcgtgtt 


960 


tattataaaa 


aatgtccaga 


attattacaa 


ggtttagcac 


attttccaga 


aacaattgca 


1020 


ggtagtgatg 


caccaagttt 


agcaacagtt 


gcaggtacat 


gtgttgatca 


tgcagttgtt 


1080 


ccaccaggtg 


gtgaagaacc 


acgtatgcat 


tgtgcagttg 


atggtgaatg 


gttagttcca 


1140 


attggtcaat 


gtttatgtca 


agcaggttat 


gaaaaagttg 


aagatgcatg 


tcaagcatgt 


1200 


agtccaggtt 


tttttaaatt 


tgaagcaagt 


gaaagtccat 


gtttagaatg 


tccagaacat 


1260 


acattaccaa 


gtccagaagg 


tgcaacaagt 


tgtgaatgtg 


aagaaggttt 


ttttcgtgca 


1320 


ccacaagatc 


cagcaagtat 


gccatgtaca 


cgtccaccaa 


gtgcaccaca 


ttatttaaca 


1380 


gcagttggta 


tgggtgcaaa 


agttgaatta 


cgttggacac 


caccacaaga 


tagtggtggt 


1440 


cgtgaagata 


ttgtttatag 


tgttacatgt 


gaacaatgtt 


ggccagaaag 


tggtgaotgt 


1500 


ggtccatgtg 


aagcaagtgt 


tcgttatagt 


gaaccaccac 


atggtttaac 


acgtacaagt 


1560 


gttacagtta 


gtgatttaga 


accacatatg 


aattatacat 


ttacagttga 


agcacgtaat 


1620 


ggtgttagtg 


gtttagttac 


aagtcgtagt 


tttcgtacag 


caagtgttag 


tattaatcaa 


1680 


acagaaccac 


caaaagttcg 


tttagaaggt 


cgtagtacaa 


caagtttaag 


tgttagttgg 


1740 


agtattccac 


caccacaaca 


aagtcgtgtt 


tggaaatatg 


aagttacata 


tcgtaaaaaa 


1800 


ggtgatagta 


atagttataa 


tgttcgtcgt 


acagaaggtt 


ttagtgttac 


attagatgat 


1860 


ttagcaccag 


atacaacata 


tttagttcaa 


gttcaagcat 


taacacaaga 


aggtcaaggt 


1920 
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gcaggtagtc gtgttcatga atttcaaaca gaacaaaaat taattagtga agaagattta 1980 



<210> SEQ ID NO 13 
<211> LENGTH: 581 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Fusion protein 
<4 00> SEQUENCE: 13 

Met Lys Lys He Met Leu Val Phe He Thr Leu He Leu Val Ser Leu 
15 10 15 

Pro He Ala Gin Gin Thr Glu Ala Lys Asp Ala Ser Ala Phe Asn Lys 
20 25 30 

Glu Asn Ser He Ser Ser Met Ala Pro Pro Ala Ser Pro Pro Ala Ser 
35 40 45 

Pro Lys Thr Pro He Glu Lys Lys His Ala Asp Gly Ser Asp Tyr Lys 
50 55 60 

Asp Asp Asp Asp Lys Gin Gly Lys Glu Val Val Leu Leu Asp Phe Ala 
65 70 75 80 

Ala Ala Gly Gly Glu Leu Gly Trp Leu Thr His Pro Tyr Gly Lys Gly 
85 90 95 

Trp Asp Leu Met Gin Asn lie Met Asn Asp Met Pro lie Tyr Met Tyr 
100 105 110 

Ser Val Cys Asn Val Met Ser Gly Asp Gin Asp Asn Trp Leu Arg Thr 
115 120 125 

Asn Trp Val Tyr Arg Gly Glu Ala Glu Arg He Phe He Glu Leu Lys 
130 135 ' 140 

Phe Thr Val Arg Asp Cys Asn Ser Phe Pro Gly Gly Ala Ser Ser Cys 
145 150 155 160 

Lys Glu Thr Phe Asn Leu Tyr Tyr Ala Glu Ser Asp Leu Asp Tyr Gly 
165 170 175 

Thr Asn Phe Gin Lys Arg Leu Phe Thr Lys He Asp Thr He Ala Pro 
180 185 190 

Asp Glu He Thr Val Ser Ser Asp Phe Glu Ala Arg His Val Lys Leu 
195 200 205 

Asn Val Glu Glu Arg Ser Val Gly Pro Leu Thr Arg Lys Gly Phe Tyr 
210 215 220 

Leu Ala Phe Gin Asp He Gly Ala Cys Val Ala Leu Leu Ser Val Arg 
225 230 235 240 

Val Tyr Tyr Lys Lys Cys Pro Glu Leu Leu Gin Gly Leu Ala His Phe 
245 250 ~ 255 

Pro Glu Thr He Ala Gly Ser Asp Ala Pro Ser Leu Ala Thr Val Ala 

260 265 270 

Gly Thr Cys Val Asp His Ala Val Val Pro Pro Gly Gly Glu Glu Pro 
275 280 285 ' 

Arg Met His Cys Ala Val Asp Gly Glu Trp Leu Val Pro He Gly Gin 
290 295 300 

Cys Leu Cys Gin Ala Gly Tyr Glu Lys Val Glu Asp Ala Cys Gin Ala 
305 310 315 320 

Cys Ser Pro Gly Phe Phe Lys Phe Glu Ala Ser Glu Ser Pro Cys Leu 



tgagagctc 



1989 



325 



330 



335 
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Glu Cya Pro Glu His Thr Leu Pro Ser Pro Glu Gly Ala Thr Ser Cys 
340 345 350 

Glu Cys Glu Glu Gly Phe Phe Arg Ala Pro Gin Asp Pro Ala Ser Met 
355 360 365 

Pro Cye Thr Arg Pro Pro Ser Ala Pro His Tyr Leu Thr Ala Val Gly 
370 375 380 

Met Gly Ala Lys Val Glu Leu Arg Trp Thr Pro Pro Gin Asp Ser Gly 
385 390 395 400 

Gly Arg Glu Asp lie Val Tyr Ser Val Thr Cys Glu Gin Cys Trp Pro 
405 410 415 

Glu Ser Gly Glu Cys' Gly Pro Cys Glu Ala Ser Val Arg Tyr Ser Glu 
420 425 430 

Pro Pro His Gly Leu Thr Arg Thr Ser Val Thr Val Ser Asp Leu Glu 
435 440 445 

Pro Hie Met Asn Tyr Thr Phe Thr Val Glu Ala Arg Asn Gly Val Ser 
450 455 460 

Gly Leu Val Thr Ser Arg Ser Phe Arg Thr Ala Ser Val Ser lie Asn 
465 470 475 480 

Gin Thr Glu Pro Pro Lys Val Arg Leu Glu Gly Arg Ser Thr Thr Ser 
485 490 495 

Leu Ser Val Ser Trp Ser lie Pro Pro Pro Gin Gin Ser Arg Val Trp 
500 505 510 

Lys Tyr Glu Val Thr Tyr Arg Lys Lys Gly Asp Ser Asn Ser Tyr Asn 
515 520 525 

Val Arg Arg Thr Glu Gly Phe Ser Val Thr Leu Asp Asp Leu Ala Pro 
530 535 540 

Asp Thr Thr Tyr Leu Val Gin Val Gin Ala Leu Thr Gin Glu Gly Gin 
545 550 555 560 

Gly Ala Gly Ser Arg Val His Glu Phe Gin Thr Glu Gin Lys Leu lie 
565 570 575 

Ser Glu Glu Asp Leu 
580 



<210> SEQ ID NO 14 
<211> LENGTH: 1968 
<212> TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Expression cassette, encodes fusion protein 
<400> SEQUENCE: 14 

ggtacctcct ttgattagta tattcctatc ttaaagttac ttttatgtgg aggcattaac 60 
atttgttaat gaegtcaaaa ggatagcaag actagaataa agctataaag caagcatata 120 
atattgegtt tcatctttag aagcgaattt cgecaatatt ataattatca aaagagaggg 180 
gtggcaaacg gtatttggca ttattaggtt aaaaaatgta gaaggagagt gaaacccatg 240 
gcatacgaca gtcgttttga tgaatgggta cagaaactga aagaggaaag ctttcaaaac 300 
aatacgtttg accgccgcaa atttattcaa ggagcgggga agattgeagg actttctctt 360 
ggattaacga ttgcccagtc ggttggggcc tttggatccg attataaaga tgatgatgat 420 
aaacaaggta aagaagttgt tttattagat tttgcagcag caggtggtga attaggttgg 480 
ttaacacatc catatggtaa aggttgggat ttaatgcaaa atattatgaa tgatatgeca 540 
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atttatatgt 


atagtgtttg 


taatgttatg 


agtggtgatc 


aagataattg gttacgtaca 


600 


aattgggttt 


atcgtggtga 


agcagaacgt 


atttttattg 


aattaaaatt tacagttcgt 


660 


gattgtaata 


gttttccagg 


tggtgcaagt 


agttgtaaag 


aaacatttaa tttatattat 


720 


gcagaaagtg 


atttagatta 


tggtacaaat 


tttcaaaaac 


gtttatttac aaaaattgat 


780 


acaattgcac 


cagatgaaat 


tacagttagt 


agtgattttg 


aagcacgtca tgttaaatta 


840 


aatgttgaag 


aacgtagtgt 


tggtccatta 


acacgtaaag 


gtttttattt agcatttcaa 


900 


gatattggtg 


catgtgttgc 


attattaagt 


gttcgtgttt 


attataaaaa atgtccagaa 


960 


ttattacaag 


gtttagcaca 


ttttccagaa 


acaattgcag 


gtagtgatgc accaagttta 


1020 


gcaacagttg 


caggtacatg 


tgttgatcat 


gcagttgttc 


caccaggtgg tgaagaacca 


1080 


cgtatgcatt 


qtqcaqtt qa 


tqqtqaatqq 


ttagttccaa 


ttggtcaatg tttatgtcaa 


1140 


qcaqqttatq 


aaaaagttga 


agatgcatgt 


caagcatgta 


gtccaggttt ttttaaattt 


1200 


qaaqcaaqtq 


aaagtccatg 


tttagaatgt 


ccagaacata 


cattaccaag tccagaaggt 


1260 


gcaacaagtt 


gtgaatgtga 


agaaggtttt 


tttcgtgcac 


cacaagatcc agcaagtatg 


1320 


ccatgtacac 


gtccaccaag 


tgcaccacat 


tatttaacag 


cagttggtat gggtgcaaaa 


1380 


gttgaattac 


gttggacacc 


accacaagat 


agtggtggtc 


gtgaagatat tgtttatagt 


1440 


gttacatgtg 


aacaatgttg 


gccagaaagt 


ggtgaatgtg 


gtccatgtga agcaagtgtt 


1500 


cgttatagtg 


aaccaccaca 


tggtttaaca 


cgtacaagtg 


ttacagttag tgatttagaa 


1560 


ccacatatga 


attatacatt 


tacagttgaa 


gcacgtaatg 


gtgttagtgg tttagttaca 


1620 


agtcgtagtt 


ttcgtacagc 


aagtgttagt 


attaatcaaa 


cagaaccacc aaaagttcgt 


1680 


ttagaaggtc 


gtagtacaac 


aagtttaagt 


gttagttgga 


gtattccacc accacaacaa 


1740 


agtcgtgttt 


ggaaatatga 


agttacatat 


cgtaaaaaag 


gtgatagtaa tagttataat 


1800 


gttcgtcgta 


cagaaggttt 


tagtgttaca 


ttagatgatt 


tagcaccaga tacaacatat 


1860 


ttagttcaag 


ttcaagcatt 


aacacaagaa 


ggtcaaggtg 


caggtagtcg tgttcatgaa 


1920 


tttcaaacag 


aacQoaaatt 


aattagtgaa 


gaagatttat 


gagagctc 


1968 



<210> SEQ ID NO 15 
<211> LENGTH: 574 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Fusion protein 
<400> SEQUENCE: 15 

Met Ala Tyr Asp Ser Arg Phe Asp Glu Trp Val Gin Lys Leu Lys Glu 
15 10 15 

Glu Ser Phe Gin Asn Asn Thr Phe Asp Arg Arg Lys Phe lie Gin Gly 
20 25 30 

Ala Gly Lys lie Ala Gly Leu Ser Leu Gly Leu Thr lie Ala Gin Ser 
35 " 40 ' 45 

Val Gly Ala Phe Gly Ser Asp Tyr Lys Asp Asp Asp Asp Lys Gin Gly 
50 55 60 

Lys Glu Val Val Leu Leu Asp Phe Ala Ala Ala Gly Gly Glu Leu Gly 
65 70 75 80 



Trp Leu Thr His Pro Tyr Gly Lys Gly Trp Asp 
85 90 



Leu Met Gin Asn lie 
95 
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Met Asn Asp Met Pro He Tyr Met Tyr Ser Val Cys Asn Val Met Ser 
100 105 110 

Gly Asp Gin Asp Asn Trp Leu Arg Thr Asn Trp Val Tyr Arg Gly Glu 
115 120 125 

Ala Glu Arg He Phe He Glu Leu Lys Phe Thr Val Arg Asp Cys Asn 
130 135 140 

Ser Phe Pro Gly Gly Ala Ser Ser Cys Lys Glu Thr Phe Asn Leu Tyr 
145 150 155 160 

Tyr Ala Glu Ser Asp Leu Asp Tyr Gly Thr Asn Phe Gin Lys Arg Leu 
165" 170 175 

Phe Thr Lys He Asp Thr He Ala Pro Asp Glu He Thr Val Ser Ser 
180 185 190 

Asp Phe Glu Ala Arg His Val Lys Leu Asn Val Glu Glu Arg Ser Val 
195 ' 200 205 

Gly Pro Leu Thr Arg Lys Gly Phe Tyr Leu Ala Phe Gin Asp He Gly 
210 215 220 

Ala Cys Val Ala Leu Leu Ser Val Arg Val Tyr Tyr Lys Lys Cys Pro 
225 230 ' 235 "* " 240 

Glu Leu Leu Gin Gly Leu Ala His Phe Pro Glu Thr He Ala Gly Ser 
245 250 255 

Asp Ala Pro Ser Leu Ala Thr Val Ala Gly Thr Cys Val Asp His Ala 
260 265 270 

Val Val Pro Pro Gly Gly Glu Glu Pro Arg Met His Cys Ala Val Asp 
275 280 285 

Gly Glu Trp Leu Val Pro He Gly Gin Cys Leu Cys Gin Ala Gly Tyr 
290 295 300 

Glu Lys Val Glu Asp Ala Cys Gin Ala Cys Ser Pro Gly Phe Phe Lys 
305 310 315 320 

Phe Glu Ala Ser Glu Ser Pro Cys Leu Glu Cys Pro Glu His Thr Leu 
325 330 335 

Pro Ser Pro Glu Gly Ala Thr Ser Cys Glu Cys Glu Glu Gly Phe Phe 
340 345 350 

Arg Ala Pro Gin Asp Pro Ala Ser Met Pro Cys Thr Arg Pro Pro Ser 
355 360 365 

Ala Pro His Tyr Leu Thr Ala Val Gly Met Gly Ala Lys Val Glu Leu 
370 375 380 

Arg Trp Thr Pro Pro Gin Asp Ser Gly Gly Arg Glu Asp He Val Tyr 
385 390 395 400 

Ser Val Thr Cys Glu Gin Cys Trp Pro Glu Ser Gly Glu Cys Gly Pro 
405 410 415 

Cys Glu Ala Ser Val Arg Tyr Ser Glu Pro Pro His Gly Leu Thr Arg 
420 425 430 

Thr Ser Val Thr Val Ser Asp Leu Glu Pro His Met Asn Tyr Thr Phe 
435 440 445 

Thr Val Glu Ala Arg Asn Gly Val Ser Gly Leu Val Thr Ser Arg Ser 
450 455 460 

Phe Arg Thr Ala Ser Val Ser He Asn Gin Thr Glu Pro Pro Lys Val 
465 470 475 480 

Arg Leu Glu Gly Arg Ser Thr Thr Ser Leu Ser Val Ser Trp Ser He 



485 



490 



495 
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Pro Pro Pro Gin Gin Ser Arg Val Trp Lys Tyr Glu Val Thr Tyr Arg 
500 505 " 510 

Lys Lys Gly Asp Ser Asn Ser Tyr Asn Val Arg Arg Thr Glu Gly Phe 
515 520 525 

Ser Val Thr Leu Asp Asp Leu Ala Pro Asp Thr Thr Tyr Leu Val Gin 
530 535 540 

Val Gin Ala Leu Thr Gin Glu Gly Gin Gly Ala Gly Ser Arg Val His 
545 550 555 560 

Glu Phe Gin Thr Glu Gin Lys Leu lie Ser Glu Glu Asp Leu 
565 570 

<210> SEQ ID NO 16 

<211> LENGTH: 1254 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 00> SEQUENCE: 16 



caccgcagga 


ggaagaacca 


gcgtgcccgc 


cagtccccgg 


aggacgttta 


cttctccaag 


60 


tcagaacaac 


tgaagcccct 


gaagacatac 


gtggaccccc 


acacatatga 


ggaccccaac 


120 


caggctgtgt 


tgaagttcac 


taccgagatc 


catccatcct 


gtgtcactcg 


gcagaaggtg 


180 


atcggagcag 


gagagtttgg 


ggaggtgtac 


aagggcatgc 


tgaagacatc 


ctcggggaag 


240 


aaggaggtgc 


cggtggccat 


caagacgctg 


aaagccggct 


acacagagaa 


gcagcgagtg 


300 


gacttcctcg 


gcgaggccgg 


catcatgggc 


cagttcagcc 


accacaacat 


catccgccta 


360 


gagggcgtca 


tctccaaata 


caagcccatg 


atgatcatca 


ctgagtacat 


ggagaatggg 


420 


gccctggaca 


agttccttcg 


ggagaaggat 


ggcgagttca 


gcgtgctgca 


gctggtgggc 


480 


atgctgcggg 


gcatcgcagc 


tggcatgaag 


tacctggcca 


acatgaacta 


tgtgcaccgt 


540 


gacctggctg 


cccgcaacat 


cctcgtcaac 


agcaacctgg 


tctgcaaggt 


gtctgacttt 


600 


ggcctgtccc 


gcgtgctgga 


ggacgacccc 


gaggccacct 


acaccaccag 


tggcggcaag 


660 


atccccatcc 


gctggaccgc 


cccggaggcc 


atttcctacc 


ggaagttcac 


ctctgccagc 


720 


gacgtgtgga 


gctttggcat 


tgtcatgtgg 


gaggtgatga 


cctatggcga 


gcggccctac 


780 


tgggagttgt 


ccaaccacga 


ggtgatgaaa 


gccatcaatg 


atggcttccg 


gctccccaca 


840 


cccatggact 


gcccctccgc 


catctaccag 


ctcatgatgc 


agtgctggca 


gcaggagcgt 


900 


gcccgccgcc 


ccaagttcgc 


tgacatcgtc 


agcatcctgg 


acaagctcat 


tcgtgcccct 


960 


gactccctca 


agaccctggc 


tgactttgac 


ccccgcgtgt 


ctatccggct 


ccccagcacg 


1020 


agcggctcgg 


agggggtgcc 


cttccgcacg 


gtgtccgagt 


ggctggagtc 


catcaagatg 


1080 


cagcagtata 


cggagcactt 


catggcggcc 


ggctacactg 


ccatcgagaa 


ggtggtgcag 


1140 


atgaccaacg 


acgacatcaa 


gaggattggg 


gtgcggctgc 


ccggccacca 


gaagcgcatc 


1200 


gcctacagcc 


tgctgggact 


caaggaccag 


gtgaacactg 


tggggatccc 


catc 


1254 



<210> SEQ ID NO 17 

<211> LENGTH: 125 4 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Codon-opt imized sequence 

<4 00> SEQUENCE: 17 



cacagacgta gaaaaaatca acgtgctcga caatccccag aagatgtgta tttttcgaaa 



60 
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agtgaacnat 


tanaaccatt 


aaaaacttat 


gttgatccgc 


a tacgtacga 


agacccaaat 


120 


caagcagtat 


taaaatttac 


aacagaaata 


cacccaagtt 


gtgttacaag 


acaaaaagtt 


180 


attaaaacaa 


ataaattcaa 


agaggtatat 


aaaggtatgt 


taaaaacatc 


atcaggtaaa 


240 


aaagaagttc 


cggttgcaat 


taaaacctta 


aaacrcaaaat 


atacagaaaa 


acagegagtt 


300 


gattttttag 


gtgaagcagg 


aattatgggt 


caatttagcc 


a teat a a tat 


tattcgtttg 


360 


gaaggagtaa 


taagtaaata 


taaaccaatg 


atgafctatta 


cagaatacat 


ggaaaacggt 


420 


gctttagata 


aatttttacg 


tgaaaaggat 


ggt gaattta 


gtgtttt aca 


attggtt ggt 


480 






aggtatgaaa 


tatttagcta 


a t a tg a a tt a 


t gt t c ac eg t 


540 






cctagtcaat 


tccaatttsg 


t at gt a a agt 


tagtgatttt 


600 


ggtttaagca 


gagtattaga 


agacgatcca 


gaggcaacct 


atacaacatc 


gggaggtaaa 


660 


attcctattc 


gttggacagc 


accagaagct 


atcagttacc 


gtaaatttac 


aagtgcatca 


720 


gacgtgtgga 


gttttgggat 


tgtaatgtgg 


gaagttatga 


catatggaga 


aagaccatat 


780 


tgggaattaa 


gtaatcatga 


agttatgaaa 


gcaattaacg 


atggatttag 


attaccaact 


840 


ccgatggatt 


gtccatctgc 


catttatcaa 


ctaatgatgc 


aatgttggca 


acaagaaaga 


900 


gcacgacgtc 


caaaatttgc 


agatattgtt 


agtattttag 


acaaattaat 


tcgtgcacca 


960 


gatagtttaa 


aaactttagc 


agactttgat 


cctcgtgtta 


gtattcgatt 


accaagtacg 


1020 


tcaggttccg 


aaggagttcc 


atttcgcaca 


gtctccgaat 


ggttggaatc 


aattaaaatg 


1080 


caacaataca 


ccgaacactt 


tatggcagca 


ggttacacag 


caatcgaaaa 


agttgttcaa 


1140 


atgacaaatg 


atgatattaa 


acgtattgga 


gttagattac 


caggccacca 


gaaaegtatt 


1200 


gcatattctt 


tattaggttt 


aaaagatcaa 


gttaataccg 


tgggaattcc 


aatt 


1254 



<210> SEQ ID NO 18 

<2il> LENGTH: 456 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 00> SEQUENCE: 18 

Val His Glu Phe Gin Thr Leu Ser Pro Glu Gly Ser Gly Asn Leu Ala 
15 10 15 

Val He Gly Giy Val Ala Val Gly Val Val Leu Leu Leu Val Leu Ala 

20 25 30 

Gly Val Gly Phe Phe He His Arg Arg Arg Lys Asn Gin Arg Ala Arg 
35 40 45 

Gin Ser Pro Glu Asp Val Tyr Phe Ser Lys Ser Glu Gin Leu Lys Pro 
50 55 60 

Leu Lys Thr Tyr Val Asp Pro His Thr Tyr Glu Asp Pro Asn Gin Ala 
65 ' 70 75 80 

Val Leu Lys Phe Thr Thr Glu He His Pro Ser Cys Val Thr Arg Gin 
85 90 95 

Lys Val He Gly Ala Gly Glu Phe Gly Glu Val Tyr Lys Gly Met Leu 
100 105 110 

Lys Thr Ser Ser Gly Lys Lys Glu Val Pro Val Ala He Lys Thr Leu 
115 120 125 



Lys Ala Gly Tyr Thr Glu Lys Gin Arg Val Asp Phe Leu Gly Glu Ala 
130 135 140 
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Gly lie Met Gly Gin Phe Ser His His Asn lie He Arg Leu Glu Gly 
145 150 155 160 

Val He Ser Lys Tyr Lys Pro Met Met He He Thr Glu Tyr Met Glu 
165 170 175 

Asn Gly Ala Leu Asp Lys Phe Leu Arg Glu Lys Asp Gly Glu Phe Ser 
180 ' 185 190 

Val Leu Gin Leu Val Gly Met Leu Arg Gly He Ala Ala Gly Met Lys 
195 200 205 

Tyr Leu Ala Asn Met Asn Tyr Val His Arg Asp Leu Ala Ala Arg Asn 
210 215 220 

He Leu Val Asn Ser Asn Leu Val Cys Lys Val Ser Asp Phe Gly Leu 
225 230 235 240 

Ser Arg Val Leu Glu Asp Asp Pro Glu Ala Thr Tyr Thr Thr Ser Gly 
245 250 255 

Gly Lys He Pro He Arg Trp Thr Ala Pro Glu Ala He Ser Tyr Arg 
260 265 270 

Lys Phe Thr Ser Ala Ser Asp Val Trp Ser Phe Gly He Val Met Trp 
275 280 285 

Glu Val Met Thr Tyr Gly Glu Arg Pro Tyr Trp Glu Leu Ser Asn His 
290 295 300 

Glu Val Met Lys Ala He Asn Asp Gly Phe Arg Leu Pro Thr Pro Met 
305 310 315 320 

Asp Cys Pro Ser Ala He Tyr Gin Leu Met Met Gin Cys Trp Gin Gin 
325 330 335 

Glu Arg Ala Arg Arg Pro Lys Phe Ala Asp He Val Ser He Leu Asp 
340 345 350 

Lys Leu He Arg Ala Pro Asp Ser Leu Lys Thr Leu Ala Asp Phe Asp 
355 360 365 

Pro Arg Val Ser He Arg Leu Pro Ser Thr Ser Gly Ser Glu Gly Val 
370 375 380 

Pro Phe Arg Thr Val Ser Glu Trp Leu Glu Ser He Lys Met Gin Gin 
385 390 395 400 

Tyr Thr Glu His Phe Met Ala Ala Gly Tyr Thr Ala He Glu Lys Val 
405 410 415 

Val Gin Met Thr Asn Asp Asp He Lys Arg He Gly Val Arg Leu Pro 
420 425 430 

Gly His Gin Lys Arg He Ala Tyr Ser Leu Leu Gly Leu Lys Asp Gin 
435 440 445 

Vol Asn Thr Val Gly He Pro He 
450 455 



<210> SEQ ID NO 19 
<211> LENGTH: 1437 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Fusion protein coding sequence 
<4 00> SEQUENCE: 19 

atgaaaaaaa taatgctagt ttttattaca cttatattag ttagtctacc aattgcgcaa 60 
caaactgaag caaaggatgc atctgcattc aataaagaaa attcaatttc atccatggca 120 



ccaccagcat ctccgcctgc aagtcctaag acgccaatcg aaaagaaaca cgcggatctc 180 
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gagcaccgca 


ggaggaagaa 


ccagcgtgcc 


cgccaqtccc 


cggaggacgt 


ttacttctcc 


240 


aagtcagaac 


aactgaagcc 


cctgaagaca 


tacgtggacc 


cccacacata 


tgaggacccc 


300 


aaccaggctg 


tgttgaagtt 


cactaccgag 


atccatccat 


cctgtgtcac 


tcggcagaag 


360 


gtgatcggag 


caggagagtt 


tggggaggtg 


tacaagggca 


tgctgaagac 


atcctcgggg 


420 


aagaaggagg 


tgccggtggc 


catcaagacg 


ctgaaagccg 


gctacacaga 


gaagcagcga 


480 


gtggacttcc 


tcggcgaggc 


cggcatcatg 


ggccagttca 


gccaccacaa 


catcatccgc 


540 


ctagagggcg 


tcatctccaa 


atacaagccc 


atgatgatca 


tcactgagta 


catggagaat 


600 


ggggccctgg 


acaagttcct 


tcgggagaag 


gatggcgagt 


tcagcgtgct 


gcagctggtg 


660 


ggcatgctgc 


ggggcatcgc 


agctggcatg 


aagtacctgg 


ccaacatgaa 


ctatgtgcac 


720 


cgtgacctgg 


ctgcccgcaa 


catcctcgtc 


aacagcaacc 


tggtctgcaa 


ggtgtctgac 


780 


tttggcctgt 


cccgcgtgct 


ggaggacgac 


cccgaggcca 


cctacaccac 


cagtggcggc 


840 


aagatcccca 


tccgctggac 


cgccccggag 


gccatttcct 


accggaagtt 


cacctctgcc 


900 


agcgacgtgt 


ggagctttgg 


cattgtcatg 


tgggaggtga 


tgacctatgg 


cgagcggccc 


960 


tactgggagt 


tgtccaacca 


cgaggtgatg 


aaagccatca 


atgatggctt 


ccggctcccc 


1020 


acacccatgg 


actgcccctc 


cgccatctac 


cagctcatga 


tgcagtgctg 


gcagcaggag 


1080 


cg-tgcccgcc 


gccccaagtt 


cgctgacatc 


gtcagcatcc 


tggacaagct 


cattcgtgcc 


1140 


cctgactccc 


tcaagaccct 


ggctgacttt 


gacccccgcg 


tgtctatccg 


gctccccagc 


1200 


acgagcggct 


cggagggggt 


gcccttccgc 


acggtgtccg 


agtggctgga 


gtccatcaag 


1260 


atgcagcagt 


atacggagca 


cttcatggcg 


gccggctaca 


ctgccatcga 


gaaggtggtg 


1320 


cagatgacca 


acgacgacat 


caagaggatt 


ggggtgcggc 


tgcccggcca 


ccagaagcgc 


1380 


atcgcctaca 


gcctgctggg 


actcaaggac 


caggtgaaca 


ctgtggggat 


ccccatc 


1437 



<210> SEQ ID NO 20 
<211> LENGTH : 479 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<2 20> FEATURE: 

<2 23> OTHER INFORMATION: Fusion protein 
<4 00> SEQUENCE: 20 

Met LyB Lys lie Met Leu Val Phe He Thr Leu He Leu Val Ser Leu 
15 10 15 

Pro He Ala Gin Gin Thr Glu Ala Lys Asp Ala Ser Ala Phe Asn Lys 
20 25 30 

Glu Asn Ser He Ser Ser Met Ala Pro Pro Ala Ser Pro Pro Ala Ser 
35 40 45 

Pro Lys Thr Pro He Glu Lys Lys His Ala Asp Leu Glu His Arg Arg 
50 55 60 

Arg Lys Asn Gin Arg Ala Arg Gin Ser Pro Glu Asp Val Tyr Phe Ser 
65 70 75 80 

Lys Ser Glu Gin Leu Lys Pro Leu Lys Thr Tyr Val Asp Pro His Thr 
85 90 95 

Tyr Glu Asp Pro Asn Gin Ala Val Leu Lys Phe Thr Thr Glu lie His 
100 105 110 

Pro Ser Cys Val Thr Arg Gin Lys Val He Gly Ala Gly Glu Phe Gly 
115 120 125 
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Glu Val Tyr Lys Gly Met Leu Lys Thr Ser Ser Gly Lys Lys Glu Val 
130 " 135 140 

Pro Val Ala lie Lys Thr Leu Lys Ala Gly Tyr Thr Glu Lys Gin Arg 
145 150 155 160 

Val Asp Phe Leu Gly Glu Ala Gly lie Met Gly Gin Phe Ser His His 
165 170 175 

Asn lie lie Arg Leu Glu Gly Val lie Ser Lys Tyr Lys Pro Met Met 
180 185 190 

lie lie Thr Glu Tyr Met Glu Asn Gly Ala Leu Asp Lys Phe Leu Arg 

195 200 205 

Glu Lys Asp Gly Glu Phe Ser Val Leu Gin Leu Val Gly Met Leu Arg 
210 215 220 

Gly He Ala Ala Gly Met Lys Tyr Leu Ala Asn Met Asn Tyr Val His 
225 230 235 240 

Arg Asp Leu Ala Ala Arg Asn He Leu Val Asn Ser Asn Leu Val Cys 
245 250 255 

Lys Val Ser Asp Phe Gly Leu Ser Arg Val Leu Glu Asp Asp Pro Glu 
260 265 270 

Ala Thr Tyr Thr Thr Ser Gly Gly Lys He Pro He Arg Trp Thr Ala 
275 280 285 

Pro Glu Ala He Ser Tyr Arg Lys Phe Thr Ser Ala Ser Asp Val Trp 
290 295 300 

Ser Phe Gly He Val Met Trp Glu Val Met Thr Tyr Gly Glu Arg Pro 
305 310 315 320 

Tyr Trp Glu Leu Ser Asn His Glu Val Met Lys Ala He Asn Asp Gly 
325 330 335 



Phe Arg Leu Pro Thr Pro Met Asp 
340 

Met Met Gin Cys Trp Gin Gin Glu 
355 360 

Asp He Val Ser He Leu Asp Lys 
370 375 

Lys Thr Leu Ala Asp Phe Asp Pro 
385 390 

Thr Ser Gly Ser Glu Gly Val Pro 
405 

Glu Ser He Lys Met Gin Gin Tyr 
420 

Tyr Thr Ala He Glu Lys Val Val 

435 440 

Arg He Gly Val Arg Leu Pro Gly 
450 455 

Leu Leu Gly Leu Lys Asp Gin Val 
465 470 



Cys Pro Ser Ala He Tyr Gin Leu 
345 350 

Arg Ala Arg Arg Pro Lys Phe Ala 

365 

Leu He Arg Ala Pro Asp Ser Leu 
380 

Arg Val Ser lie Arg Leu Pro Ser 
395 400 

Phe Arg Thr Val Ser Glu Trp Leu 
410 415 

Thr Glu His Phe Met Ala Ala Gly 
425 430 

Gin Met Thr Asn Asp Asp He Lys 
445 

His Gin Lys Arg He Ala Tyr Ser 
460 

Asn Thr Val Gly He Pro He 
475 



<210> SEQ ID NO 21 

<211> LENGTH : 1737 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<2 20> FEATURE: 

<223> OTHER INFORMATION: Expression cassette, encodes fusion protein 



<400> SEQUENCE: 21 
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ggtacctcct 


ttgattagta 


tattcctatc 


ttaaagttac 


ttttatgtgg 


aggcattaac 


60 


atttgttaat 


gacgtcaaaa 


ggatagcaag 


actagaataa 


agctataaag 


caagcatata 


120 


atattgcgtt 


tcatctttag 


aagcgaattt 


cgccaatatt 


ataattatca 


aaagagaggg 


180 


gtggcaaacg 


gtatttggca 


ttattaggtt 


aaaaaatgta 


gaaggagagt 


gaaacccatg 


240 


aaaaaaataa 


tgctagtttt 


tattacactt 


atattagtta 


gtctaccaat 


tgcgcaacaa 


300 


actgaagcaa 


aggatgcatc 


tgcattcaat 


aaagaaaatt 


caatttcatc 


catggcacca 


360 


ccagcatctc 


cgcctgcaag 


tcctaagacg 


ccaatcgaaa 


agaaacacgc 


ggatggatcc 


420 


gattataaag 


atgatgatga 


taaacacaga 


cgtagaaaaa 


atcaacgtgc 


tcgacaatcc 


480 


ccagaagatg 


tgtatttttc 


gaaaagtgaa 


caattaaaac 


cattaaaaac 


ttatgttgat 


540 


ccgcatacgt 


acgaagaccc 


aaatcaagca 


gtattaaaat 


ttacaacaga 


aatacaccca 


600 


agttgtgtta 


caagacaaaa 


agttattgga 


gcaggtgaat 


tcggagaggt 


atataaaggt 


660 


atgttaaaaa 


catcatcagg 


taaaaaagaa 


gttccggttg 


caattaaaac 


cttaaaggca 


720 


ggatatacag 


aaaaacagcg 


agttgatttt 


ttaggtgaag 


caggaattat 


gggtcaattt 


780 


agccatcata 


atattattcg 


tttggaagga 


gtaataagta 


aatataaacc 


aatgatgatt 


840 


attacagaat 


acatggaaaa 


cggtgcttta 


gataaatttt 


tacgtgaaaa 


ggatggtgaa 


900 


tttagtgttt 


tacaattggt 


tggtatgtta 


agaggaattg 


ctgcaggtat 


gaaatattta 


960 


gctaatatga 


attatgttca 


ccgtgatttg 


gcagcaagaa 


atatcctagt 


caattccaat 


1020 


ttagtatgta 


aagttagtga 


ttttggttta 


agcagagtat 


tagaagacga 


tccagaggca 


1080 


acctatacaa 


catcgggagg 


taaaattcct 


attcgttgga 


cagcaccaga 


agctatcagt 


1140 


taccgtaaat 


ttacaagtgc 


atcagacgtg 


tggagttttg 


ggattgtaat 


gtgggaagtt 


1200 


atgacatatg' 


gagaaagacc 


atattgggaa 


ttaagtaatc 


atgaagttat 


gaaagcaatt 


1260 


aacgatggat 


ttagattacc 


aactccgatg 


gattgtccat 


ctgccattta 


tcaactaatg 


1320 


atgcaatgtt 


ggcaacaaga 


aagagcacga 


cgtccaaaat 


ttgcagatat 


tgttagtatt 


1380 


ttagacaaat 


taattcgtgc 


accagatagt 


ttaaaaactt 


tagcagactt 


tgatcctcgt 


1440 


gttagtattc 


gattaccaag 


tacgtcaggt 


tccgaaggag 


ttccatttcg 


cacagtctcc 


1500 


gaatggttgg 


aatcaattaa 


aatgcaacaa 


tacaccgaac 


actttatggc 


agcaggttac 


1560 


acagcaatcg 


aaaaagttgt 


tcaaatgaca 


aatgatgata 


ttaaacgtat 


tggagttaga 


1620 


ttaccaggcc 


accagaaacg 


tattgcatat 


tctttattag 


gtttaaaaga 


tcaagttaat 


1680 


accgtgggaa 


ttccaattga 


acaaaaatta 


atttccgaag 


aagacttata 


agagctc 


1737 



<210> SEQ ID NO 22 
<211> LENGTH: 497 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Fusion protein 
<4 00> SEQUENCE: 22 

Met Lys Lys lie Met Leu Val Phe lie Thr Leu lie Leu Val Ser Leu 
15 10 15 

Pro lie Ala Gin Gin Thr Glu Ala Lys Asp Ala Ser Ala Phe Asn Lys 
20 25 30 



Glu Asn Ser lie Ser Ser Met Ala Pro Pro Ala Ser Pro Pro Ala Ser 
35 40 45 
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Pro Lys Thr Pro lie Glu Lye Lys His Ala Asp Gly Ser Asp Tyr Lys 
50 55 60 

Asp Asp Asp Asp Lys His Arg Arg Arg Lys Asn Gin Arg Ala Arg Gin 
65 70 75 80 

Ser Pro Glu Asp Val Tyr Phe Ser Lys Ser Glu Gin Leu Lys Pro Leu 
85 90 95 

Lys Thr Tyr Val Asp Pro His Thr Tyr Glu Asp Pro Asn Gin Ala Val 
100 105 110 

Leu Lys Phe Thr Thr Glu lie His Pro Ser Cys Val Thr Arg Gin Lys 
115 120 125 

Val He Gly Ala Gly Glu Phe Gly Glu Val Tyr Lys Gly Met Leu Lys 
130 135 140 

Thr Ser Ser Gly Lys Lys Glu Val Pro Val Ala He Lys Thr Leu Lys 
145 150 155 160 

Ala Gly Tyr Thr Glu Lys Gin Arg Val Asp Phe Leu Gly Glu Ala Gly 
165 170 175 

He Met Gly Gin Phe Ser His His Asn He He Arg Leu Glu Gly Val 
180 185 190 

He Ser Lys Tyr Lys Pro Met Met He He Thr Glu Tyr Met Glu Asn 
195 200 205 

Gly Ala Leu Asp Lys Phe Leu Arg Glu Lys Asp Gly Glu Phe Ser Val 
210 215 220 

Leu Gin Leu Val Gly Met Leu Arg Gly He Ala Ala Gly Met Lys Tyr 
225 230 235 240 

Leu Ala Asn Met Asn Tyr Val His Arg Asp Leu Ala Ala Arg Asn He 
245 250 255 

Leu Val Asn Ser Asn Leu Val Cys Lys Val Ser Asp Phe Gly Leu Ser 
260 265 270 

Arg Val Leu Glu Asp Asp Pro Glu Ala Thr Tyr Thr Thr Ser Gly Gly 
275 280 285 

Lys He Pro He Arg Trp Thr Ala Pro Glu Ala He Ser Tyr Arg Lys 
290 295 300 

Phe Thr Ser Ala Ser Asp Val Trp Ser Phe Gly lie Val Met Trp Glu 
305 310 315 320 

Val Met Thr Tyr Gly Glu Arg Pro Tyr Trp Glu Leu Ser Asn His Glu 
325 330 335 

Val Met Lys Ala He Asn Asp Gly Phe Arg Leu Pro Thr Pro Met Asp 
340 345 350 

Cys Pro Ser Ala He Tyr Gin Leu Met Met Gin Cys Trp Gin Gin Glu 
355 360 365 

Arg Ala Arg Arg Pro Lys Phe Ala Asp He Val Ser He Leu Asp Lys 
370 375 380 

Leu He Arg Ala Pro Asp Ser Leu Lys Thr Leu Ala Asp Phe Asp Pro 
385 390 395 400 

Arg Val Ser He Arg Leu Pro Ser Thr Ser Gly Ser Glu Gly Val Pro 
405 410 415 

Phe Arg Thr Val Ser Glu Trp Leu Glu Ser He Lys Met Gin Gin Tyr 



420 



425 



430 



Thr Glu His Phe Met Ala Ala Gly Tyr Thr Ala He Glu Lys Val Val 
435 440 445 



US 2005/0249748 Al 

103 



Nov. 10, 2005 



-continued 



Gin Met Thr Asn Asp Asp lie Lys Arg lie Gly Val Arg Leu Pro Gly 
450 455 460 

His Gin Lys Arg lie Ala Tyr Ser Leu Leu Gly Leu Lys Asp Gin Val 
465 470 475 480 

Asn Thr Val Gly lie Pro lie Glu Gin Lys Leu lie Ser Glu Glu Asp 
485 490 495 

Leu 

<210> SEQ ID 130 23 
<211> LENGTH: 1737 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Expression cassette, encodes fusion protein 
<400> SEQUENCE: 2 3 



ggtacctcct 


ttgattagta 


tattcctatc 


ttaaagttac 


ttttatgtgg 


aggcattaac 


60 


atttgttaat 


gacgtcaaaa 


ggatagcaag 


actagaataa 


agctataaag 


caagcatata 


120 


atattgcgtt 


tcatctttag 


aagcgaattt 


cgccaatatt 


ataattatca 


aaagagaggg 


180 


gtggcaaacg 


gtatttggca 


ttattaggtt 


aaaaaatgta 


gaaggagagt 


gaaacccatg 


240 


aaaaaaatta 


tgttagtttt 


tattacatta 


attttagtta 


gtttaccaat 


tgcacaacaa 


300 


acagaagcoa 


aagatgcaag 


tgcatttaat 


aaagaaaata 


gtattagtag 


tatggcacca 


360 


ccagcaagtc 


caccagcaag 


tccaaaaaca 


ccaattgaaa 


aaaaacatgc 


agatggatcc 


420 


gattataaag 


acgatgatga 


taaacacaga 


cgtagaaaaa 


atcaacgtgc 


tcgacaatcc 


480 


ccagaagatg 


tgtatttttc 


gaaaagtgaa 


caattaaaac 


cattaaaaac 


ttatgttgat 


540 


ccgcatacgt 


acgaagaccc 


aaatcaagca 


gtattaaaat 


ttacaacaga 


aatacaccca 


600 


agttgtgtta 


caagacaaaa 


agttattgga 


gcaggtgaat 


tcggagaggt 


atataaaggt 


660 


atgttaaaaa 


catcatcagg 


taaaaaagaa 


gttccggttg 


caattaaaac 


cttaaaggca 


720 


ggatatacag 


aaaaacagcg 


agttgatttt 


ttaggtgaag 


caggaattat 


gggtcaattt 


780 


agccatcata 


atattattcg 


tttggaagga 


gtaataagta 


aatataaacc 


aatgatgatt 


840 


attacagaat 


acatggaaaa 


cggtgcttta 


gataaatttt 


tacgtgaaaa 


ggatggtgaa 


900 


tttagtgttt 


tacaattggt 


tggtatgtta 


agaggaattg 


ctgcaggtat 


gaaatattta 


960 


gctaatatga 


attatgttca 


ccgtgatttg 


gcagcaagaa 


atatcctagt 


caattccaat 


1020 


ttagtatgta 


aagttagtga 


ttttggttta 


agcagagtat 


tagaagacga 


tccagaggca 


1080 


acctatacaa 


catcgggagg 


taaaattcct 


attcgttgga 


cagcaccaga 


agctatcagt 


1140 


taccgtaaat 


ttacaagtgc 


atcagacgtg 


tggagttttg 


ggattgtaat 


gtgggaagtt 


1200 


atgacatatg 


gagaaagacc 


atattgggaa 


ttaagtaatc 


atgaagt tat 


gaaagcaatt 


1260 


aacgatggat 


ttagattacc 


aactccgatg 


gattgtccat 


ctgccattta 


tcaactaatg 


1320 


atgcaatgtt 


ggcaacaaga 


aagagcacga 


cgtccaaaat 


ttgcagatat 


tgttagtatt 


1380 


ttagacaaat 


taattcgtgc 


accagatagt 


ttaaaaactt 


tagcagactt 


tgatcctcgt 


1440 


gttagtattc 


gattaccaag 


tacgtcaggt 


tccgaaggag 


ttccatttcg 


cacagtctcc 


1500 


gaatggttgg 


aatcaattaa 


aatgcaacaa 


tacaccgaac 


actttatggc 


agcaggttac 


1560 


acagcaatcg 


aaaaagttgt 


tcaaatgaca 


aatgatgata 


ttaaacgtat 


tggagttaga 


1620 


ttaccaggcc 


accagaaacg 


tattgcatat 


tctttattag 


gtttaaaaga 


tcaagttaat 


1680 
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accgtgggaa ttccaattga acaaaaatta atttccgaag 



aagacttata agagctc 



1737 



<210> SEQ ID NO 24 
<211> LENGTH: 497 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Fusion protein 
<400> SEQUENCE: 24 

Met Lys Lys lie Met Leu Val Phe lie Thr Leu lie Leu Val Ser Leu 
15 10 15 

Pro lie Ala Gin Gin Thr Glu Ala Lys A6p Ala Ser Ala Phe Asn Lys 
20 25 30 

Glu Asn Ser lie Ser Ser Met Ala Pro Pro Ala Ser Pro Pro Ala Ser 
35 40 45 

Pro Lys Thr Pro lie Glu Lys Lys His Ala Asp Gly Ser Asp Tyr Lys 
50 55 60 

Asp Asp Asp Asp Lys His Arg Arg Arg Lys Asn Gin Arg Ala Arg Gin 
65 70 - - 75 80 

Ser Pro Glu Asp Val Tyr Phe Ser Lys Ser Glu Gin Leu Lys Pro Leu 
85 90 95 

Lys Thr Tyr Val Asp Pro His Thr Tyr Glu Asp Pro Asn Gin Ala Val 
100 105 110 

Leu Lys Phe Thr Thr Glu lie His Pro Ser Cys Val Thr Arg Gin Lys 
115 120 125 

Val He Gly Ala Gly Glu Phe Gly Glu Val Tyr Lys Gly Met Leu Lys 
130 135 140 

Thr Ser Ser Gly Lys Lys Glu Val Pro Val Ala He Lys Thr Leu Lys 
145 150 155 160 

Ala Gly Tyr Thr Glu Lys Gin Arg Val Asp Phe Leu Gly Glu Ala Gly 
165 170 175 

He Met Gly Gin Phe Ser His His Asn He He Arg Leu Glu Gly Val 
180 185 190 

He Ser Lys Tyr Lys Pro Met Met He He Thr Glu Tyr Met Glu Asn 
195 200 205 

Gly Ala Leu Asp Lys Phe Leu Arg Glu Lys Asp Gly Glu Phe Ser Val 
210 215 220 

Leu Gin Leu Val Gly Met Leu Arg Gly He Ala Ala Gly Met Lys Tyr 
225 230 235 240 

Leu Ala Asn Met Asn Tyr Val His Arg Asp Leu Ala Ala Arg Asn He 
245 250 255 

Leu Val Asn Ser Asn Leu Val Cys Lys Val Ser Asp Phe Gly Leu Ser 
260 265 270 

Arg Val Leu Glu Asp Asp Pro Glu Ala Thr Tyr Thr Thr Ser Gly Gly 

275 280 285 

Lys He Pro He Arg Trp Thr Ala Pro Glu Ala He Ser Tyr Arg Lys 
290 295 300 

Phe Thr Ser Ala Ser Asp Val Trp Ser Phe Gly He Val Met Trp Glu 
305 310 315 320 

Val Met Thr Tyr Gly Glu Arg Pro Tyr Trp Glu Leu Ser Asn His Glu 



325 



330 



335 
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Val Met Lys Ala lie Asn Asp Gly Phe Arg Leu Pro Thr Pro Met Asp 
340 345 350 

Cys Pro Ser Ala lie Tyr Gin Leu Met Met Gin Cys Trp Gin Gin Glu 
355 360 365 

Arg Ala Arg Arg Pro Lys Phe Ala Asp He Val Ser He Leu Asp Lys 
370 375 380 

Leu He Arg Ala Pro Asp Ser Leu Lys Thr Leu Ala Asp Phe Asp Pro 
385 390 395 400 

Arg Val Ser He Arg Leu Pro Ser Thr Ser Gly Ser Glu Gly Val Pro 
405 410 415 

Phe Arg Thr Val Ser Glu Trp Leu Glu Ser He Lys Met Gin Gin Tyr 
420 425 430 

Thr Glu His Phe Met Ala Ala Gly Tyr Thr Ala He Glu Lys Val Val 
435 440 445 

Gin Met Thr Asn Asp Asp He Lys Arg He Gly Val Arg Leu Pro Gly 
450 455 ' 460 

His Gin Lys Arg He Ala Tyr Ser Leu Leu Gly Leu Lys Asp Gin Val 
465 470 475 480 

Asn Thr Val Gly He Pro He Glu Gin Lys Leu He Ser Glu Glu Asp 
485 490 495 

Leu 

<210> SEQ ID NO 25 
<211> LENGTH: 1716 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Expression cassette, encodes fusion protein 
<4 00> SEQUENCE: 25 



ggtacctcct 


ttgattagta 


tattcctatc 


ttaaagttac 


ttttatgtgg 


aggcattaac 


60 


atttgttaat 


gacgtcaaaa 


ggatagcaag 


actagaataa 


agctataaag 


caagcatata 


120 


atattgcgtt 


tcatctttag 


aagcgaattt 


cgccaatatt 


ataattatca 


aaagagaggg 


180 


gtggcaaacg 


gtatttggca 


ttattaggtt 


aaaaaatgta 


gaaggagagt 


gaaacccatg 


240 


gcatacgaca 


gtcgttttga 


tgaatgggta 


cagaaactga 


aagaggaaag 


ctttcaaaac 


300 


aatacgtttg 


accgccgcaa 


atttattcaa 


ggagcgggga 


agattgcagg 


actttctctt 


360 


ggattaacga 


ttgcccagtc 


ggttggggcc 


tttggatccg 


attataaaga 


tgatgatgat 


420 


aaacacagac 


gtagaaaaaa 


tcaacgtgct 


cgacaatccc 


cagaagatgt 


gtatttttcg 


480 


aaaagtgaac 


aattaaaacc 


attaaaaact 


tatgttgatc 


cgcatacgta 


cgaagaccca 


540 


aatcaagcag 


tattaaaatt 


tacaacagaa 


atacacccaa 


gttgtgttac 


aagacaaaaa 


600 


gttattggag 


caggtgaatt 


cggagaggta 


tataaaggta 


tgttaaaaac 


atcatcaggt 


660 


aaaaaagaag 


ttccggttgc 


aattaaaacc 


ttaaaggcag 


gatatacaga 


aaaacagcga 


720 


gttgattttt 


taggtgaagc 


aggaattatg 


ggtcaattta 


gccatcataa 


tattattcgt 


780 


ttggaaggag 


taataagtaa 


atataaacca 


atgatgatta 


ttacagaata 


catggaaaac 


840 


ggtgctttag 


ataaattttt 


acgtgaaaag 


gatggtgaat 


ttagtgtttt 


acaattggtt 


900 


ggtatgttaa 


gaggaattgc 


tgcaggtatg 


aaatatttag 


ctaatatgaa 


ttatgttcac 


960 


cgtgatttgg 


cagcaagaaa 


tatcctagtc 


aattccaatt 


tagtatgtaa 


agttagtgat 


1020 
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tttggtttaa 


gcagagtatt 


agaagacgat 


ccagaggcaa 


cctatacaac atcgggaggt 


1080 


aaaattccta 


ttcgttggac 


agcaccagaa 


gctatcagtt 


accgtaaatt tacaagtgca 


1140 


tcagacgtgt 


ggagttttgg 


gattgtaatg 


tgggaagtta 


tgacatatgg agaaagacca 


1200 


tattgggaat 


taagtaatca 


tgaagttatg 


aaagcaatta 


acgatggatt tagattacca 


1260 


actccgatgg 


attgtccatc 


tgccatttat 


caactaatga 


tgcaatgttg gcaacaagaa 


1320 


agagcacgac 


gtccaaaatt 


tgcagatatt 


gttagtattt 


tagacaaatt aattcgtgca 


1380 


ccagatagtt 


taaaaacttt 


agcagacttt 


gatcc-tcgtg 


ttagtattcg attaccaagt 


1440 


acgtcaggtt 


ccgaaggagt 


tccatttcgc 


acagtctccg 


aatggttgga atcaattaaa 


1500 


atgcaacaat 


acaccgaaca 


ctttatggca 


gcaggttaca 


cagcaatcga aaaagttgtt 


1560 


caaatgacaa 


atgatgatat 


taaacgtatt 


ggagttagat 


taccaggcca ccagaaacgt 


1620 


attgcatatt 


ctttattagg 


tttaaaagat 


caagttaata 


ccgtgggaat tccaattgaa 


1680 


caaaaattaa 


tttccgaaga 


agacttataa 


gagctc 




1716 



<210> SEQ ID NO 26 
<211> LENGTH: 490 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Fusion protein 
<400> SEQUENCE: 26 

Met Ala Tyr Asp Ser Arg Phe Asp Glu Trp Val Gin Lys Leu Lys Glu 
15 10 15 

Glu Ser Phe Gin Asn Asn Thr Phe Asp Arg Arg Lys Phe lie Gin Gly 
20 25 30 

Ala Gly Lys lie Ala Gly Leu Ser Leu Gly Leu Thr lie Ala Gin Ser 
35 40 45 

Val Gly Ala Phe Gly Ser Asp Tyr Lys Asp Asp Asp Asp Lys His Arg 
50 55 60 

Arg Arg Lys Asn Gin Arg Ala Arg Gin Ser Pro Glu Asp Val Tyr Phe 
65 70 75 80 

Ser Lys Ser Glu Gin Leu Lys Pro Leu Lys Thr Tyr Val Asp Pro His 
85 90 95 

Thr Tyr Glu Asp Pro Asn Gin Ala Val Leu Lys Phe Thr Thr Glu lie 
100 105 110 

His Pro Ser Cys Val Thr Arg Gin Lys Val He Gly Ala Gly Glu Phe 
115 120 125 

Gly Glu Val Tyr Lys Gly Met Leu Lys Thr Ser Ser Gly Lys Lys Glu 
130 135 140 

Val Pro Val Ala He Lys Thr Leu Lys Ala Gly Tyr Thr Glu Lys Gin 
145 150 155 " 160 

Arg Val Asp Phe Leu Gly Glu Ala Gly He Met Gly Gin Phe Ser His 
165 170 175 

His Asn He He Arg Leu Glu Gly Val lie Ser Lys Tyr Lys Pro Met 
180 185 190 

Met He He Thr Glu Tyr Met Glu Asn Gly Ala Leu Asp Lys Phe Leu 
195 200 205 



Arg Glu Lys Asp Gly Glu Phe Ser Val Leu Gin Leu Val Gly Met Leu 
210 " 215 220 
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Arg Gly lie Ala Ala Gly Met Lys Tyr Leu Ala Asn Met Aan Tyr Val 
225 230 235 240 

His Arg Asp Leu Ala Ala Arg Asn lie Leu Val Asn Ser Asn Leu Val 
245 250 255 

Cys Lys Val Ser Asp Phe Gly Leu Ser Arg Val Leu Glu Asp Asp Pro 
260 265 270 

Glu Ala Thr Tyr Thr Thr Ser Gly Gly Lys lie Pro He Arg Trp Thr 
275 280 285 

Ala Pro Glu Ala He Ser Tyr Arg Lys Phe Thr Ser Ala Ser Asp Val 
290 295 300 

Trp Ser Phe Gly He Val Met Trp Glu Val Met Thr Tyr Gly Glu Arg 
305 310 315 320 

Pro Tyr Trp Glu Leu Ser Asn His Glu Val Met Lys Ala He Asn Asp 
325 330 335 

Gly Phe Arg Leu Pro Thr Pro Met Asp Cys Pro Ser Ala He Tyr Gin 
340 345 350 

Leu Met Met Gin Cys Trp Gin Gin Glu Arg Ala Arg Arg Pro Lys Phe 
355 ^ 360 ' 365 

Ala Asp lie Val Ser He Leu Asp Lys Leu He Arg Ala Pro Asp Ser 
370 375 380 

Leu Lys Thr Leu Ala Asp Phe Asp Pro Arg Val Ser He Arg Leu Pro 
385 390 395 400 

Ser Thr Ser Gly Ser Glu Gly Val Pro Phe Arg Thr Val Ser Glu Trp 
405 410 415 

Leu Glu Ser He Lys Met Gin Gin Tyr Thr Glu His Phe Met Ala Ala 
420 425 430 

Gly Tyr Thr Ala He Glu Lys Val Val Gin Met Thr Asn Asp Asp He 
435 440 445 

Lys Arg He Gly Val Arg Leu Pro Gly His Gin Lys Arg He Ala Tyr 
450 ~ 455 460 

Ser Leu Leu Gly Leu Lys A6p Gin Val Asn Thr Val Gly He Pro He 
465 470 475 480 

Glu Gin Lys Leu lie Ser Glu Glu Asp Leu 



<210> SEQ ID NO 27 
<211> LENGTH: 966 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<2 20> FEATURE: 

<223> OTHER INFORMATION: Expression cassette, encodes fusion protein 
<4 00> SEQUENCE: 27 

ggtacctcct ttgattagta tattcctatc ttaaagttac ttttatgtgg aggcattaac 60 
atttgttaat gacgtcaaaa ggatagcaag actagaataa agctataaag caagcatata 120 
atattgcgtt tcatctttag aagcgaattt cgccaatatt ataattatca aaagagaggg 180 
gtggcaaacg gtatttggca ttattaggtt aaaaaatgta gaaggagagt gaaacccatg 240 
aaaaaaatta tgttagtttt tattacatta attttagtta gtttaccaat tgcacaacaa 300 
acagaagcaa aagatgcaag tgcatttaat aaagaaaata gtattagtag tatggcacca 360 
ccagcaagtc caccagcaag tccaaaaaca ccaattgaaa aaaaacatgc agatggatcc 420 
caagcagaag gtcgcggaac aggaggaagt acaggagatg cagacggacc aggaggacca 480 



485 



490 
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ggaataccag acggaccagg aggaaatgca ggaggcccag gcgaagcagg cgcaacagga 54 0 

ggaagaggac caagaggagc aggagcagca cgagcatcag gaccaggagg cggagcacca 600 

agaggaccac atggcggagc ggcaagcgga ttaaatggat gttgtagatg tggagcacgc 660 

ggaccagaat caagactttt agaattttat ttagccatgc catttgcaac cccaatggaa 720 

gcagaattag cacgaagatc attagcacaa gatgccccac cattaccagt accaggagtt 780 

ttattaaaag agtttacagt atcaggcaat attttaacaa tacgtttaac agcagcagac 840 

catcgtcaat tacaactatc tatcagttca tgtttacaac aattatcctt attaatgtgg 900 

attacacaat gttttttacc agttttttta gcacaaccac catcaggaca aagaagataa 960 

gagctc 966 



<210> SEQ ID NO 28 
<211> LENGTH: 240 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Fusion protein 
<400> SEQUENCE: 28 

Met Lys Lys He Met Leu Val Phe He Thr Leu He Leu Val Ser Leu 
15 10 15 

Pro He Ala Gin Gin Thr Glu Ala Lys Asp Ala Ser Ala Phe Asn Lys 
20 25 30 

Glu Asn Ser He Ser Ser Met Ala Pro Pro Ala Ser Pro Pro Ala Ser 
35 40 45 

Pro Lys Thr Pro He Glu Lys Lys His Ala Asp Gly Ser Gin Ala Glu 
50 55 60 

Gly Arg Gly Thr Gly Gly Ser Thr Gly Asp Ala Asp Gly Pro Gly Gly 
65 70 75 80 

Pro Gly He Pro Asp Gly Pro Gly Gly Asn Ala Gly Gly Pro Gly Glu 
85 90 95 

Ala Gly Ala Thr Gly Gly Arg Gly Pro Arg Gly Ala Gly Ala Ala Arg 
100 105 110 

Ala Ser Gly Pro Gly Gly Gly Ala Pro Arg Gly Pro His Gly Gly Ala 
115 120 125 

Ala Ser Gly Leu Asn Gly Cys Cys Arg Cys Gly Ala Arg Gly Pro Glu 
130 135 140 

Ser Arg Leu Leu Glu Phe Tyr Leu Ala Met Pro Phe Ala Thr Pro Met 
145 150 155 160 

Glu Ala Glu Leu Ala Arg Arg Ser Leu Ala Gin Asp Ala Pro Pro Leu 
165 170 175 

Pro Val Pro Gly Val Leu Leu Lys Glu Phe Thr Val Ser Gly Asn lie 
180 185 190 

Leu Thr lie Arg Leu Thr Ala Ala Asp His Arg Gin Leu Gin Leu Ser 
195 200 205 

He Ser Ser Cys Leu Gin Gin Leu Ser Leu Leu Met Trp lie Thr Gin 
210 215 220 

Cys Phe Leu Pro Val Phe Leu Ala Gin Pro Pro Ser Gly Gin Arg Arg 
225 230 235 240 



<210> SEQ ID NO 2 9 
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<211> LENGTH: 330 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Partial expression cassette comprising codon- 
optimized sequence 

<400> SEQUENCE: 29 



ggtacctcct 


ttgattagta 


tattcctatc 


ttaaagttac ttttatgtgg aggcattaac 


60 


atttgttaat 


gacgtcaaaa 


ggatagcaag 


actagaataa agctataaag caagcatata 


120 


atattgcgtt 


tcatctttag 


aagcgaattt 


cgccaatatt ataattatca aaagagaggg 


180 


gtggcaaacg 


gtatttggca 


ttattaggtt 


aaaaaatgta gaaggagagt gaaacccatg 


240 


aaaaaaaaaa 


ttattagtgc 


aattttaatg 


agtacagtta ttttaagtgc agcagcacca 


300 


ttaagtggtg 


tttatgcaga 


tacaggatcc 




330 



<210> SEQ ID NO 30 

<211> LENGTH: 330 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Partial expression cassette 

<400> SEQUENCE: 30 



ggtacctcct 


ttgattagta 


tattcctatc 


ttaaagttac ttttatgtgg aggcattaac 


60 


atttgttaat 


gacgtcaaaa 


ggatagcaag 


actagaataa 


agctataaag caagcatata 


120 


atattgcgtt 


tcatctttag 


aagcgaattt 


cgccaatatt 


ataattatca aaagagaggg 


180 


gtggcaaacg 


gtatttggca 


ttattaggtt 


aaaaaatgta 


gaaggagagt gaaacccatg 


240 


aatatgaaaa 


aagcaactat 


cgcggctaca 


gctgggattg 


cggtaacagc atttgctgcg 


300 


ccaacaatcg 


catccgcaag 


cactggatcc 






330 



<210> SEQ ID NO 31 

<211> LENGTH: 330 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<2 20> FEATURE: 

<223> OTHER INFORMATION: Partial expression cassette comprising codon- 
optimized sequence 

<400> SEQUENCE: 31 



ggtacctcct 


ttgattagta 


tattcctatc 


ttaaagttac 


ttttatgtgg aggcattaac 


60 


atttgttaat 


gacgtcaaaa 


ggatagcaag 


actagaataa 


agctataaag caagcatata 


120 


atattgcgtt 


tcatctttag 


aagcgaattt 


cgccaatatt 


ataattatca aaagagaggg 


180 


gtggcaaacg 


gtatttggca 


ttattaggtt 


aaaaaatgta 


gaaggagagt gaaacccatg 


240 


aatatgaaaa 


aagcaacaat 


tgcagcaaca 


gcaggtattg 


cagttacagc atttgcagca 


300 


ccaacaattg 


caagtgcaag 


tacaggatcc 






330 



<210> SEQ ID NO 32 

<211> LENGTH: 1702 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: hlyP-p60 gene fragment 

<4 00> SEQUENCE: 32 
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ggtacctcct 


ttgattagta 


tattcctatc 


ttaaagttac ttttatgtgg aggcattaac 


60 


atttgttaat 


gacgtcaaaa 


ggatagcaag 


actagaataa 


agctataaag caagcatata 


120 


atattgcgtt 


tcatctttag 


aagcgaattt 


cgccaatatt 


ataattatca aaagagaggg 


180 


gtggcaaacg 


gtatttggca 


ttattaggtt 


aaaaaatgta 


gaaggagagt gaaacccatg 


240 


aatatgaaaa 


aagcaactat 


cgcggctaca 


gctgggattg 


cggtaacagc atttgctgcg 


300 


ccaacaatcg 


catccgcaag 


cactgtagta 


gtcgaagctg 


gtgatactct ttggggtatc 


360 


gcacaaagta 


aagggactac 


tgttgacgca 


attaaaaaag 


caaacaattt aacaacagat 


420 


aaaatcgtac 


caggtcaaaa 


attacaagta 


aataatgagg 


ttgctgctgc tgaaaaaaca 


480 


gagaaatctg 


ttagcgcaac 


ttggttaaac 


gtccgtagtg 


gcgctggtgt tgataacagt 


540 


attattacgt 


ccatcaaagg 


tggaacaaaa 


gtaactgttg 


aaacaaccga atctaacggc 


600 


tggcacaaaa 


ttacttacaa 


cgatggaaaa 


actggtttcg 


ttaacggtaa atacttaact 


660 


gacaaagcag 


taagcactcc 


agttgcacca 


acacaagaag tgaaaaaaga aactactact 


720 


caacaagctg 


cacctgctgc 


agaaacaaaa 


actgaagtaa 


aacaaactac acaagcaact 


780 


acacctgcgc 


ctaaagtagc 


agaaacgaaa 


gaaactccag 


tagtagatca aaatgctact 


840 


acacacgctg 


ttaaaagcgg 


tgacactatt 


tgggctttat 


ccgtaaaata cggtgtttct 


900 


gttcaagaca 


ttatgtcatg 


gaataattta 


tcttcttctt 


ctatttatgt aggtcaaaag 


960 


cttgctatta 


aacaaactgc 


taacacagct 


actccaaaag 


cagaagtgaa aacggaagct 


1020 


ccagcagctg 


aaaaacaagc 


agctccagta 


gttaaagaaa 


atactaacac aaatactgct 


1080 


actacagaga 


aaaaagaaac 


agcaacgcaa 


caacaaacag 


cacctaaagc accaacagaa 


1140 


gctgcaaaac 


cagctcctgc 


accatctaca 


aacacaaatg 


ctaataaaac aaatacaaat 


1200 


acaaatacaa 


atacaaatac 


aaacaatact 


aatacaaata 


caccatctaa aaatactaat 


1260 


acaaactcaa 


atactaatac 


gaatacaaac 


tcaaatacga 


atgctaatca aggttcttcc 


1320 


aacaataaca 


gcaattcaag 


tgcaagtgct 


attattgctg 


aagctcaaaa acaccttgga 


1380 


aaagcttatt 


catggggtgg 


taacggacca 


actacatttg 


attgctctgg ttacactaaa 


1440 


tatgtatttg 


ctaaagcggg 


aatctccctt 


ccacgtactt 


ctggcgcaca atacgctagc 


1500 


actacaagaa 


tctctgaatc 


tcaagcaaaa 


cctggtgatt 


tagtattctt tgactatggt 


1560 


agcggaattt 


ctcacgttgg 


tatctacgtt 


ggtaatggtc 


aaatgattaa cgcgcaagac 


1620 


aatggcgtta 


aatacgataa 


catccacggc 


tctggctggg 


gtaaatatct agttggcttc 


1680 


ggtcgcgtat 


aattaaggat 


cc 






1702 



<210> SEQ ID NO 33 
<211> LENGTH : 9808 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: pAM401-MCS plasmid 
<4 00> SEQUENCE: 33 

ctttaaacgt ggatcatttt ctttaaattt atgctgacga cctttgaatt tgcctttttt 60 
cttagcaatt tcgattcctt gtgcctgacg ttccttaatt ttttttcgtt ctgattctgc 120 
ttgatacttg tacaattcaa tgacaaggct attaatcaaa cgccttaaat tttcatcttc 180 
aataccattc attgagggta aatttaagac ttccagggtt gcccccttaa tttgaatttg 240 
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attcatcaat 


tctgttaatt 


ctttattatt 


tcgtcctaat 


cgatctaatt 


cagtaacaat 


300 


aacaatatcc 


ccttcacgaa 


tatagttaag 


catagcttgt 


aattgtgggc 


gttcgaccga 


360 


ttgaccgctt 


aatttgtctg 


aaaagacctt 


agaaacgccc 


tgtaacgctt 


gtaattgccg 


420 


atctaagttc 


tgttctttgc 


tactgacacg 


tgcataacca 


attttagcca 


ttttcaacca 


480 


acctctaaaa 


ttctctcggt 


tgcaataacc 


aatcagcaat 


atctactttt 


tcaatttcaa 


540 


attgcttatc 


agaaattgtc 


ttttcgtaag 


cgataaaatc 


ttgcgcatat 


tgttgctcat 


600 


taaaaatagc 


caccacttcg 


tcattttcta 


aaactcgata 


aataaatttt 


ttcattttac 


660 


tcctcctatt 


atgcccaact 


taaatgacct 


attcaccaag 


tcaattatac 


tgctaaaatc 


720 


atattaggac 


aaataggtat 


actctattga 


cctataaatg 


atagcaactt 


aaaagatcaa 


780 


gtgttcgctt 


cgctctcact 


gcccctcgac 


gttttagtag 


cctttccctc 


acttcgttca 


840 


gtccaagcca 


actaaaagtt 


ttcgggctac 


tctctccttc 


tccccctaat 


aattaattaa 


900 


aatcttactc 


tgtatatttc 


tgctaatcat 


tcactaaaca 


gcaaagaaaa 


acaaacacgt 


960 


atcatagata 


taaatgtaat 


ggcatagtgc 


gggttttatt 


ttcagcctgt 


atcgtagcta 


1020 


aacaaatcga 


gttgtgggtc 


cgttttgggg 


cgttctgcca 


atttgtttag 


agtttcttga 


1080 


ataaatgtac 


gttctaaatt 


aaacgaagct 


gtcagcgcct 


ttatatagct 


ttctcgttct 


1140 


tcttttttta 


atttaatgat 


cgatagcaac 


aatgatttaa 


cactagcaag 


ttgaatgcca 


1200 


ccatttcttc 


ctggtttaat 


cttaaagaaa 


atttcctgat 


tcgccttcag 


taccttcagc 


1260 


aatttatcta 


atgtccgttc 


aggaatgcct 


agcacttctc 


taatctcttt 


tttggtcgtc 


1320 


gctaaataag 


gcttgtatac 


atcgcttttt 


tcgctaatat 


aagccattoa 


atcttctttc 


1380 


cattctgaca 


aatgaacacg 


ttgacgttcg 


cttctttttt 


tcttgaattt 


aaaccaccct 


1440 


tgacggacaa 


ataaatcttt 


actggttaaa 


tcacttgata 


cccaagcttt 


gcaaagaatg 


1500 


gtaatgtatt 


ccctattagc 


cccttgatag 


ttttctgaat 


aggcacttct 


aacaattttg 


1560 


attacttctt 


tttcttctaa 


gggttgatct 


aatcgattat 


taaactcaaa 


catattatat 


1620 


tcgcacgttt 


cgattgaata 


gcctgaacta 


aagtaggcta 


aagagagggt 


aaacataacg 


1680 


ctattgcgcc 


ctactaaacc 


cttttctcct 


gaaaatttcg 


tttcgtgcaa 


taagagatta 


1740 


aaccagggtt 


catctacttg 


ttttttgcct 


tctgtaccgc 


ttaaaaccgt 


tagacttgaa 


1800 


cgagtaaagc 


ccttattatc 


tgtttgtttg 


aaagaccaat 


cttgccattc 


tttgaaagaa 


1B60 


taacggtaat 


tgggatcaaa 


aaattctaca 


ttgtccgttc 


ttggtatacg 


agcaatccca 


1920 


aaatgattgc 


acgttagatc 


aactggcaaa 


gactttccaa 


aatattctcg 


gatattttgc 


1980 


gagattattt 


tggctgcttt 


gacagattta 


aattctgatt 


ttgaagtcac 


atagactggc 


2040 


gtttctaaaa 


caaaatatgc 


ttgataacct 


ttatcagatt 


tgataattaa 


cgtaggcata 


2100 


aaacctaaat 


caatagctgt 


tgttaaaata 


tcgcttgctg 


aaatagtttc 


tttttccgtg 


2160 


tgaatatcaa 


aatcaataaa 


gaaggtattg 


atttgtctta 


aattgttttc 


agaatgtcct 


2220 


ttagtgtatg 


aacggttttc 


gtctgcatac 


gtaccataac 


gataaacgtt 


tggtgtccaa 


2280 


tgcgtaaatg 


tatcttgatt 


ttcgtgaatc 


gcttcttcgg 


aagtcagaac 


aacgccacgt 


2340 


ccgccaatca 


tgcttttttt 


tgagcgatac 


gcaaaaatag 


cccctttact 


tttacctggc 


2400 


ttggtagtga 


ttgagcgaat 


tttactattt 


ttaaatttgt 


actttaacaa 


gccgtcatga 


2460 


agcacagttt 


ctacaacaaa 


agggatattc 


attcagctgt 


tctcctttct 


tacgaaaatt 


2520 
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aattagttag 


aagctacgat 


caaagttgaa 


tcacaacaaa 


aaaggcaatc 


aactaagttt 


2580 


ttcttaattg 


attgcctggt 


atcttcttaa 


agacttgaaa 


tcccctcaaa 


aacccgatat 


2640 


aatgggttta 


cagatattta 


ag-tatctgat 


taataaagta 


attaaatact 


ttaccaaatt 


2700 


ttgggtctcg 


acttctttaa 


ttgattggtg 


gtaatcaatt 


aaggctcgca 


gttaaaattt 


2760 


ctcaggcttt 


aactggtcgt 


ggctcttttt 


ttgtattctt 


tattcagttc 


gttgtttcgt 


2820 


tatatctagt 


atatcgcttt 


ttaaaaaaat 


aagcaatgat 


ttcgtgcatt 


attcacacga 


2880 


aatca-ttgct 


tttttcttct 


tccatttcta 


actccaatgt 


tacttgttct 


gtttctggtt 


2940 


ctggttctgt 


tggctcattt 


gggattaaat 


ccactactag 


cgttgagtta 


gttccgtctc 


3000 


taatagccgg 


ttaagtaata 


gccggttaag 


tggtcaaact 


ttgggaaaat 


ctcaacccgc 


3060 


attaagtttt 


gatgccatga 


caatcgttgg 


aaatttgaac 


aaaactaatg 


ctaaaaagct 


3120 


atctgacttt 


atgagtgtag 


agccacaaat 


acgactttgg 


gatatacttc 


aaacaaagtt 


3180 


taaagctaag 


gcacttcaag 


aaaaagttta 


tatcgaatat 


gacaaagtaa 


aagcagatac 


3240 


ttgggataga 


cgtaatatgc 


gtgttgaatt 


taatcccaat 


aaactcacac 


atgaagaaat 


3300 


gatttggtta 


aaacaaaata 


ttatcgacta 


catggaagat 


gacggtttta 


caagattaga 


3360 


cttagctttt 


gattttgaag 


atgatttgag 


cgattactat 


gcaatgactg 


ataaagcagt 


3420 


taagaaaact 


gttttttatg 


gtcgtaatgg 


caagccagaa 


acaaaatatt 


ttggtgtccg 


3480 


tgatagtgat 


agatttatta 


gaatttataa 


taaaaaacaa 


gaacgtaaag 


ataacgcaga 


3540 


tgttgaagtt 


gtgtttgaac 


atttatggcg 


tgtagaagtt 


gaattaaaaa 


gagatatggt 


3600 


tgattactgg 


aatgattgtt 


ttaatgattt 


acacatcttt 


gaaacctgcg 


tgggctactt 


3660 


tagaaaaaat 


taatgagcaa 


gctatggttt 


atactttgtt 


gcatgaagaa 


agtatgtggg 


3720 


gaaagctaag 


taagaatact 


aagactaaat 


ttaaaaaatt 


gattagagaa 


atatctccaa 


3780 


ttgatttaac 


ggaattaatg 


aaatcgactt 


taaaagcgaa 


cgaaaaacaa 


ttgcaaaagc 


3840 


agattgattt 


ttggcaacgt 


gaatttaggt 


tttggaagta 


aaataagttt 


tatttgataa 


3900 


aaattgctaa 


ttcagtataa 


ttaatattta 


cgaggtgaca 


taacgtatga 


aaaaatcaga 


3960 


ggattattcc 


tcctaaatat 


aaaaatttaa 


aatttaggag 


gaagttatat 


atgactttta 


4020 


atattattga 


attagaaaat 


tgggatagaa 


aagaatattt 


tgaacactat 


tttaatcagc 


4080 


aaactactta 


tagcattact 


aaagaaattg 


atattacttt 


gtttaaagat' 


atgataaaaa 


4140 


agaaaggata 


tgaaatttat 


ccctctttaa 


tttatgcaat 


tatggaagtt 


gtaaataaaa 


4200 


ataaagtgtt 


tagaacagga 


attaatagtg 


agaataaatt 


aggttattgg 


gataagttaa 


4260 


atcctttgta 


tacagttttt 


aataagcaaa 


ctgaaaaatt 


tactaacatt 


tggactgaat 


4320 


ctgataaaaa 


cttcatttct 


ttttataata 


attataaaaa 


tgacttgctt 


gaatataaag 


4380 


ataaagaaga 


aatgtttcct 


aaaaaaccga 


tacctgaaaa 


caccataccg 


atttcaatga 


4440 


ttccttggat 


tgattttagt 


tcatttaatt 


taaatattgg 


taacaatagc 


agctttttat 


4500 


tgcctattat 


tacgataggt 


aaattttata 


gtgagaataa 


taaaatttat 


ataccagttg 


4560 


ctctgcaact 


tcatcattct 


gtatgtgatg 


gttaccatgc 


ttcactattt 


atgaatgaat 


4620 


ttcaagatat 


aattcatagg 


gtagatgatt 


ggatttagtt 


tttagatttt 


gaaagtgaat 


4680 


ttaattttat 


acacgtaagt 


gatcataaaa 


tttatgaacg 


tataacaacc 


acattttttg 


4740 


gttgcttgtg 


gttttgattt 


tgaatttggt 


tttgaactta 


tggactgatt 


tattcagtcc 


4800 
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attttttgtg 


cttgcacaaa 


aactagcctc 


gcagagcaca 


cgcattaatg 


acttatgaaa 


4860 


cgtagtaaat 


aagtctagtg 


tgttatactt 


tacttggaag 


atgcaccgaa 


taaaaaatat 


4920 


tgaagaacaa 


ctagcaaaag 


attttaaaga 


gttattttat 


tttaagtctt 


tataacatga 


4980 


gtgaagcgaa 


tttttaaatt 


tcgatagaaa 


tttttacatc 


aaaaagcccc 


ctgtcaaaat 


5040 


tgacgaaggg 


ggttttttgg 


cgcacgcttt 


tcgttagaaa 


tatacaagat 


tgaaaatcgt 


5100 


gtataagtgc 


gccctttgtt 


ttgaacttag 


cacgttacat 


caatttttta 


aaatgatgta 


5160 


taagtgcgcc 


cttttaaatt 


ttgagtgatt 


atattttttg 


agttagaaaa 


agggattggg 


5220 


aaaatttccc 


aaaataattt 


aaaaaataag 


caaaaatttt 


cgatagagaa 


tgtgctattt 


5280 


tttgtcaaag 


gtgtatacct 


tgactgtgct 


tgctgttaca 


ttaagtttat 


ttttaagtta 


5340 


-ttaaaaaaga 


aatagctttt 


aaagtttggc 


tcgctgtcgc 


tttataaagc 


tgattgactt 


5400 


ttgattgcaa 


actacttaaa 


gaaaacaaac 


tcggactatt 


cgttttcttc 


tctttggttt 


5460 


gaacatcagc 


aattatcccc 


tcttgattgc 


ctattttagc 


ttgtttagaa 


gaaacaaaag 


5520 


ctaaaagctc 


ctcttgggtt 


ttaaaacgct 


gtgtggggct 


tagaacgccc 


ttaaacgacc 


5580 


cttggtttac 


ttttatacta 


gcttccacct 


cgaaaaaagg 


ttctttttta 


aaattctcta 


5640 


tggcttcctg 


gcgctgaaaa 


aataaggtat 


aaggtgggcg 


tttgaacacg 


tcctagtgaa 


5700 


aatgtacctt 


gtacgcccct 


tctgttgtaa 


atttaacgta 


tacaaagggc 


ttgcgttcat 


5760 


gccgatcaac 


caatcggcaa 


tttggcgtgt 


ttgcgcttct 


tgataaaagg 


gatagtaatt 


5820 


cattccaggt 


tgcaaatttt 


gaaaaccgct 


tcggattaca 


tctttttcta 


agctattgat 


5880 


ccatagtctt 


ttaaatgttt 


tatcttttga 


aaaggcattt 


gctttatgga 


taatcgacca 


5940 


ggcgatattt 


tcaccttctc 


tgtcgctatc 


tgttgcaaca 


ataattgtat 


ttgccttttt 


6000 


gagaagttct 


gcaacaattt 


taaactgctt 


tcccttatct 


tttgcaactt 


caaaatcgta 


6060 


tcgatcagga 


aaaatcggca 


aagattcaag 


tttccaattt 


tgccactttt 


cgtcataatg 


6120 


acctggttct 


gctaattcca 


ctaaatgccc 


aaaaccaaag 


gtgataaacg 


tttcatctgt 


6180 


aaatagtggg 


tctttgatct 


caaaataacc 


gtcttttttg 


gtgctttgtt 


ttaaagcact 


6240 


tgcgtaggct 


aatgcctggc 


ttggtttttc 


agctaaaata 


accgtactca 


ttaactatcc 


6300 


ctcttttcat 


tgttttttct 


ttgatcgact 


gtcacgttat 


atcttgctcg 


ataccttcta 


6360 


aacgttcggc 


gattgattcc 


agtttgttct 


tcaacttctt 


tatcggataa 


accattcaaa 


6420 


aacaaatcga 


aagcatggat 


gcgccgcgtg 


cggctgctgg 


agatggcgga 


cgcgatggat 


6480 


atgttctgcc 


aagggttggt 


ttgcgcattc 


acagttctcc 


gcaagaattg 


attggctcca 


6540 


attcttggag 


tggtgaatcc 


gttagcgagg 


tgccgccggc 


ttccattcag 


gtcgaggtgg 


6600 


cccggctcca 


tgcaccgcga 


cgcaacgcgg 


ggaggcagac 


aaggtatagg 


gcggcgccta 


6660 


caatccatgc 


caacccgttc 


catgtgctcg 


ccgaggcggc 


ataaatcgcc 


gtgacgatca 


6720 


gcggtccagt 


gatcgaagtt 


aggctggtaa 


gagccgcgag 


cgatccttga 


agctgtccct 


6780 


gatggtcgtc 


atctacctgc 


ctggacagca 


tggcctgcaa 


cgcgggcatc 


ccgatgccgc 


6840 


cggaagcgag 


aagaatcata 


atggggaagg 


ccatccagcc 


tcgcgtcgca 


atacgactca 


6900 


ctatagggcg 


aattgggtac 


cgggcccccc 


ctcgaggtcg 


acggtatcga 


taagcttgat 


6960 


atcgaattcc 


tgcagcccgg 


gggatccact 


agttctagag 


cggccgccac 


cgcggtggag 


7020 


ctccagcttt 


tgttcccttt 


agtgagggtt 


aatgctagaa 


atattttatc 


tgattaataa 


7080 
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gatgatcttc 


ttgagatcgt 


tttggtctgc 


gcgtaatctc 


ttgctctgaa 


aacgaaaaaa 


7140 


ccgccttgca 


gggcggtttt 


tcgaaggttc 


tctgagctac 


caactctttg 


aaccgaggta 


7200 


actggcttgg 


aggagcgcag 


tcaccaaaac 


ttgtcctttc 


agtttagcct 


taaccggcgc 


7260 


atgacttcaa 


gactaactcc 


tctaaatcaa 


ttaccagtgg 


ctgctgccag 


tggtgctttt 


7320 


gcatgtcttt 


ccgggttgga 


ctcaagacga 


tagttaccgg 


ataaggcgca 


gcggtcggac 


7380 


tgaacggggg 


gttcgtgcat 


acagtccagc 


ttggagcgaa 


ctgcctaccc 


ggaactgagt 


7440 


gtcaggcgtg 


gaatgagaca 


aacgcggcca 


taacagcgga 


atgacaccgg 


taaaccgaaa 


7500 


ggcaggaaca 


ggagagcgca 


cgagggagcc 


gccaggggga 


aacgcctggt 


atctttatag 


7560 


tcctgtcggg 


tttcgccacc 


actgatttga 


gcgtcagatt 


tcgtgatgct 


tgtcaggggg 


7620 


gcggagccta 


tggaaaaacg 


gctttgccgc 


ggccctctca 


cttccctgtt 


aagtatcttc 


7680 


ctggcatctt 


ccaggaaatc 


tccgccccgt 


tcgtaagcca 


tttccgctcg 


ccgcagtcga 


7740 


acgaccgagc 


gtagcgagtc 


agtgagcgag 


gaagcggaat 


atatcctgta 


tcacatattc 


7800 


tgctgacgca 


ccggtgcagc 


cttttttctc 


ctgccacatg 


aagcacttca 


ctgacaccct 


7B60 


catcagtgcc 


aacatagtaa 


gccagtatac 


actccgctag 


cgctgatgtc 


cggcggtgct 


7920 


tttgccgtta 


cgcaccaccc 


cgtcagtagc 


tgaacaggag 


ggacagctga 


tagaaacaga 


7980 


agccactgga 


gcacctcaaa 


aacaccatca 


tacactaaat 


cagtaagt"tg 


gcagcatcac 


8040 


ccgacgcact 


ttgcgccgaa 


taaatacctg 


tgacggaaga 


tcacttcgca 


gaataaataa 


8100 


atcctggtgt 


ccctgttgat 


accgggaagc 


cctgggccaa 


cttttggcga 


aaatgagacg 


8160 


ttgatcggca 


cgtaagaggt 


tccaact-ttc 


accataatga 


aataagatca 


ctaccgggcg 


8220 


tattttttga 


gttatcgaga 


ttttcaggag 


ctaaggaagc 


taaaatggag 


aaaaaaatca 


8280 


ctggatatac 


caccgttgat 


atatcccaat 


ggcatcgtaa 


agaacatttt 


gaggcatttc 


8340 


agtcagttgc 


tcaatgtacc 


tataaccaga 


ccgttcagct 


ggatattacg 


gcctttttaa 


8400 


agaccgtaaa 


gaaaaataag 


cacaagtttt 


atccggcctt 


tattcacatt 


cttgcccgcc 


8460 


tgatgaatgc 


tcatccggaa 


ttccgtatgg 


caatgaaaga 


cggtgagctg 


gtgatatggg 


8520 


atagtgttca 


cccttgttac 


accgttttcc 


atgagcaaac 


tgaaacgttt 


tcatcgctct 


8580 


ggagtgaata 


ccacgacgat 


ttccggcagt 


ttctacacat 


atattcgcaa 


gatgtggcgt 


8640 


gttacggtga 


aaacctggcc 


tatttcccta 


aagggtttat 


tgagaatatg 


tttttcgtct 


8700 


cagccaatcc 


ctgggtgagt 


ttcaccagtt 


ttgatttaaa 


cgtggccaat 


atggacaact 


8760 


tcttcgcccc 


cgttttcacc 


atgggcaaat 


attatacgca 


aggcgacaag 


gtgctgatgc 


8820 


cgctggcgat 


tcaggttcat 


catgccgtct 


gtgatggctt 


ccatgtcggc 


agaatgctta 


8880 


atgaattaca 


acagtactgc 


gatgagtggc 


agggcggggc 


gtaatttttt 


taaggcagtt 


8940 


attggtgccc 


ttaaacgcct 


ggtgctacgc 


ctgaataagt 


gataataagc 


ggatgaatgg 


9000 


cagaaattcg 


aaagcaaatt 


cgacccggtc 


gtcggttcag 


ggcagggtcg 


ttaaatagcc 


9060 


gcttatgtct 


attgctggtt 


taccggttta 


ttgactaccg 


gaagcagtgt 


gaccgtgtgc 


9120 


ttctcaaatg 


cctgaggcca 


gtttgctcag 


gctctccccg 


tggaggtaat 


aattgacgat 


9180 


atgatcattt 


attctgcctc 


ccagagcctg 


ataaaaacgg 


ttagcgcttc 


gttaatacag 


9240 


atgtaggtgt 


tccacagggt 


agccagcagc 


atcctgcgat 


gcagatccgg 


aacataatgg 


9300 


tgcagggcgc 


ttgtttcggc 


gtgggtatgg 


tggcaggccc 


cgtggccggg 


ggactgttgg 


9360 
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gcgctgccgg 


cacctgtcct 


acgagttgca 


tgataaagaa gacagtcata agtgcggcga 


9420 


cgatagtcat 


gccccgcgcc 


caccggaagg 


agctaccgga cagcggtgcg gactgttgta 


9480 


actcagaata 


agaaatgagg 


ccgctcatgg 


cgttgactct cagtcatagt atcgtggtat 


9540 


caccggttgg 


ttccactctc 


tgttgcgggc 


aacttcagca gcacgtaggg gacttccgcg 


9600 


tttccagact 


ttacgaaaca 


cggaaaccga 


agaccattca tgttgttgct caggtcgcag 


9660 


acgttttgca 


gcagcagtcg 


cttcacgttc 


gctcgcgtat cggtgattca ttctgctaac 


9720 


cagtaaggca 


accccgccag 


cctagccggg tcctcaacga caggagcacg atcatgcgca 


9780 


cccgtggcca ggacccaacg 


ctgcccga 




9808 



<210> SEQ ID NO 34 

<211> LENGTH: 1869 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Codon -optimized sequence 

<4 00> SEQUENCE: 3 4 



atggcattgc 


caactgcacg 


tccattacta 


ggtagttgcg 


gtacaccagc actaggttct 


60 


ttattatttt 


tgttattttc 


tctaqqttgc 


gttcaaccaa 


gtcgtacatt agcaggtgaa 


120 


acaggtcaag 


aagcagcacc 


acttgacggt 


gtattaacga 


atccaccaaa tatatcaagt 


180 


ttaagtccac 


gtcaattatt 


aggttttcca 


tgtgcagaag 


tttcaggttt aagtacagaa 


240 


cgtgtccgtg 


agttagcagt 


tgcattagca 


caaaaaaacg 


ttaaattatc tacagaacag 


300 


ttacgttgtt 


tagcccatag 


attaagcgaa 


ccaccagaag 


acttagatgc acttccttta 


360 


gaccttcttt 


tattcttaaa 


tccagatgca 


ttttcaggac 


cacaagcatg tacacgtttt 


420 


tttagtcgaa 


ttacaaaagc 


caatgttgat 


ttattacctc 


gtggggctcc tgaaagacaa 


480 


cgtttattac 


ctgctgcatt 


agcatgctgg 


ggtgttcgcg 


gtagcttatt aagtgaagcc 


540 


gatgttcgtg 


ctttaggggg 


tttagcatgt 


gatttacctg 


gtcgtttcgt tgcagaatca 


600 


gcagaagtgt 


tattaccgag 


attagt£tca 


tgcccaggac 


ctttagatca agatcaacaa 


660 


gaggcagcta 


gagcagctct 


tcaaggagga 


ggcccaccat 


atggcccacc aagtacatgg 


720 


agtgtttcta 


caatggatgc 


gttaagaggt 


ttattaccgg 


ttttaggaca accaattatt 


780 


cgtagtattc 


cacaaggcat 


tgtagcagca 


tggcgtcaac 


gtagttctcg tgatccgtct 


840 


tggcgacaac 


cagaacgtac 


aattctacgt 


ccaagatttc 


gtagagaagt agaaaaaacg 


900 


gcgtgtccta 


gtggcaaaaa 


agcacgtgaa 


attgatgaaa 


gtttaatttt ttataaaaaa 


960 


tgggaattag 


aagcatgtgt 


cgatgcagca 


ttactagcta 


cacaaatgga tcgtgttaat 


1020 


gctattccat 


tcacatatga 


acaattagat 


gttttaaagc 


ataaattaga cgaattatat 


1080 


ccacaaggtt 


atccagaatc 


agttattcaa 


catttaggtt 


acttattttt aaaaatgagt 


1140 


ccagaagaca 


tacgcaaatg 


gaatgttaca 


agtttagaaa 


cattaaaagc gcttttagaa 


1200 


gttaacaaag 


gtcatgaaat 


gagtccacaa 


gttgctacgt 


taattgatag attcgttaaa 


1260 


ggccgtggtc 


aattagataa 


agatacttta 


gatacattaa 


cagcatttta tcctggctac 


1320 


ttatgcagtt 


tatcaccaga 


agaattaagt 


tccgttccac 


cgagtagtat ctgggcagtt 


1380 


cgtccgcaag 


atttagatac 


atgcgaccca 


cgtcaattag 


atgttttata tccaaaagca 


1440 


agattagctt 


tccaaaatat 


gaacggtagt 


gaatatttcg 


taaaaattca atccttttta 


1500 
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ggtggtgcac caactgaaga tctaaaagca ttaagccaac aaaatgtaag tatggattta 1560 

gctacgttta tgaaattacg tacagatgca gttctaccat taacagttgc agaagttcaa 1620 

aaattattag gtccacacgt agaaggatta aaagcagaag aacgtcaccg tccagttcgc 1680 

gattggattt tacgtcaacg tcaagatgat ttagatacat taggtttagg tttacaaggc 1740 

ggtattccga atggatattt agtgttagat ttatctgttc aagaagcatt aagtggtaca 1800 

ccgtg-tttat taggtccagg tccagtttta acagtgttag cattattatt agccagtaca 1860 

ttagcttaa 1869 



<210> SEQ ID NO 35 

<211> LENGTH: 622 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 35 

Met Ala Leu Pro Thr Ala Arg Pro Leu Leu Gly Ser Cys Gly Thr Pro 
15 10 15 

Ala Leu Gly Ser Leu Leu Phe Leu Leu Phe Ser Leu Gly Trp Val Gin 
20 25 30 

Pro Ser Arg Thr Leu Ala Gly Glu Thr Gly Gin Glu Ala Ala Pro Leu 
35 40 45 

Asp Gly Val Leu Thr Asn Pro Pro Asn lie Ser Ser Leu Ser Pro Arg 
50 55 60 

Gin Leu Leu Gly Phe Pro Cys Ala Glu Val Ser Gly Leu Ser Thr Glu 
65 70 75 80 

Arg Val Arg Glu Leu Ala Val Ala Leu Ala Gin Lys Asn Val Lys Leu 
85 90 95 

Ser Thr Glu Gin Leu Arg Cys Leu Ala His Arg Leu Ser Glu Pro Pro 
100 105 110 

Glu Asp Leu Asp Ala Leu Pro Leu Asp Leu Leu Leu Phe Leu Asn Pro 
115 120 125 

Asp Ala Phe Ser Gly Pro Gin Ala Cys Thr Arg Phe Phe Ser Arg lie 

130 " 135 140 

Thr Lys Ala Asn Val Asp Leu Leu Pro Arg Gly Ala Pro Glu Arg Gin 
145 150 155 160 

Arg Leu Leu Pro Ala Ala Leu Ala Cys Trp Gly Val Arg Gly Ser Leu 
165 170 175 

Leu Ser Glu Ala Asp Val Arg Ala Leu Gly Gly Leu Ala Cys Asp Leu 
180 185 190 

Pro Gly Arg Phe Val Ala Glu Ser Ala Glu Val Leu Leu Pro Arg Leu 

195 200 205 

Val Ser Cys Pro Gly Pro Leu Asp Gin Asp Gin Gin Glu Ala Ala Arg 
210 " 215 220 

Ala Ala Leu Gin Gly Gly Gly Pro Pro Tyr Gly Pro Pro Ser Thr Trp 
225 230 235 240 

Ser Val Ser Thr Met Asp Ala Leu Arg Gly Leu Leu Pro Val Leu Gly 
245 250 255 

Gin Pro lie lie Arg Ser He Pro Gin Gly He Val Ala Ala Trp Arg 
260 265 270 



Gin Arg Ser Ser Arg Asp Pro Ser Trp Arg Gin Pro Glu Arg Thr He 
275 280 285 
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Leu Arg Pro Arg Phe Arg Arg Glu Val Glu Lys Thr Ala Cys Pro Ser 
290 295 300 

Gly Lys Lys Ala Arg Glu lie Asp Glu Ser Leu lie Phe Tyr Lys Lys 
305 310 315 320 

Trp Glu Leu Glu Ala Cys Val Asp Ala Ala Leu Leu Ala Thr Gin Met 

325 330 335 

Asp Arg Val Asn Ala lie Pro Phe Thr Tyr Glu Gin Leu Asp Val Leu 
340 345 " 350 

Lys His Lys Leu Asp Glu Leu Tyr Pro Gin Gly Tyr Pro Glu Ser Val 
355 360 365 

lie Gin His Leu Gly Tyr Leu Phe Leu Lys Met Ser Pro Glu Asp lie 
370 375 380 

Arg Lys Trp Asn Val Thr Ser Leu Glu Thr Leu Lys Ala Leu Leu Glu 
385 ~ 390 395 400 

Val Asn Lys Gly His Glu Met Ser Pro Gin Val Ala Thr Leu lie Asp 
405 410 415 

Arg Phe Val Lys Gly Arg Gly Gin Leu Asp Lys Asp Thr Leu Asp Thr 
420 425 430 

Leu Thr Ala Phe Tyr Pro Gly Tyr Leu Cys Ser Leu Ser Pro Glu Glu 
435 440 445 

Leu Ser Ser Val Pro Pro Ser Ser lie Trp Ala Val Arg Pro Gin Asp 
450 455 460 

Leu Asp Thr Cys Asp Pro Arg Gin Leu Asp Val Leu Tyr Pro Lys Ala 
465 470 475 480 

Arg Leu Ala Phe Gin Asn Met Asn Gly Ser Glu Tyr Phe Val Lys lie 
485 490 495 

Gin Ser Phe Leu Gly Gly Ala Pro Thr Glu Asp Leu Lys Ala Leu Ser 
500 505 510 

Gin Gin Asn Val Ser Met Asp Leu Ala Thr Phe Met Lys Leu Arg Thr 
515 520 525 

Asp Ala Val Leu Pro Leu Thr Val Ala Glu Val Gin Lys Leu Leu Gly 
530 535 540 

Pro Hi6 Val Glu Gly Leu Lys Ala Glu Glu Arg His Arg Pro Val Arg 
545 550 555 560 

Asp Trp lie Leu Arg Gin Arg Gin Asp Asp Leu Asp Thr Leu Gly Leu 
565 570 575 

Gly Leu Gin Gly Gly He Pro Asn Gly Tyr Leu Val Leu Asp Leu Ser 
580 58 5 590 

Val Gin Glu Ala Leu Ser Gly Thr Pro Cys Leu Leu Gly Pro Gly Pro 
595 600 605 

Val Leu Thr Val Leu Ala Leu Leu Leu Ala Ser Thr Leu Ala 
610 615 620 



<210> SEQ ID NO 36 

<211> LENGTH: 1878 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Codon-optimi2ed sequence 

<4 00> SEQUENCE: 36 

atggcattac caacggctcg cccattatta ggttcttgtg gttcaccaat ttgtagtcgc 60 



agttttttat tattattact atctttaggt tggattccgc gtttacaaac acaaaccact 120 
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attattgcat gcagtcaatg gcgcagcaga 




180 


ttaCCaacag 


gcttatttct 


tggtcttaca 


tgtgaagaag 


ttagtgattt 


aag t a tg ga a 


240 


taayLQaaay 




ggcggttcgc 


caaaaaaata 


ttacattacg 




30 0 




t fl iT r fl r o f r- ri 

i_ ci i~ ci i~ i_ y 


tttaccacga 


catttaacag 


atgaagaatt 


uauLyLLLLu 


360 


ccat tagact 


LaLtatLaLt 


tttaaatcca 


gcaatgtttc 


caggtcaaca 


age at gt gc c 


42 0 


CQltllttCfl 




gaaagcaaat 


gtagatgttt 


taccgagacg 


tagct tagaa 


48 0 




ttttaatgga 


agcattaaaa 


tgtcaaggtg 


tttatggttt 


ccaagttagt 


540 


gaagcagatg 


ttcgtgcact 


tggtggttta 


gcttgtgatt 


taccagggaa 


atttg tagca 


600 


cgtt ctag tg 


aay ifliiaiL 


accatggtta 


gcaggttgtc 


aaggtccatt 


agatcaaagt 


66 0 


caagaaaaag 


c agttcgt ga 


agtcttacgt 


agtggtcgta 


ctcaatatgg 


cccacct age 


72 0 


aaatggagtg 


rtagt:acgx.t. 


agatgcatta 


caaagtttag tagctgtttt 


agatgaaagt 


78 0 


attgttcaga 


gtattccaaa 


agatgtgaaa 


gcagagtggt 


tacaacatat 


ttcccgtgac 


84 0 


c cat ct cgtt 


t aggtagtaa 


attaacagtt 


attcatccac 


gttttcgccg 


egaegcaga a 




caaaaagcat 


gtccaccagg 


taaagaacca 


tataaagtag 


atgaagattt 


aottttttat 


96 0 


cagaattggg 


aattagaagc 


ctgtgttgat 


ggtacaatgt 


tagcacgtca 


a at gg at tit: a 


1020 


gt t aat gaaa 


ttccat ttac 


atatgaacaa 


ttaagtatct 


ttaaacataa 


att agataaa 


1080 


acatatccac 


aaggttatcc 


agaatcgtta 


attcaacaat 


taggtcattt 


ttttcgttat 


114 0 


gtt agtcc ag 


aagaca ttca 


tcaatggaat 


gttacaagtc 


cagatacagt 


taaaacttta 


1200 


ttaaaagtta 


gtaaaggtca 


aaaaatgaat 


gctcaagcaa 


ttgcattagt 


cgcatgttat 


1260 


ttacgtggag 


gtggtcaatt 


agatgaagat 


atggttaaag 


cattagggga 


tattccatta 


1320 


tcatatttat 


gtgatttctc 


cccacaagac 


ttacattcag ttccaagtag 


tgttatgtgg 


1380 


ttagttggtc 


cacaaggttt 


agataaatgt 


agtcaacgtc 


atttaggttt 


actttatcaa 


1440 


aaagcatgta 


gtgcgtttca 


aaatgttagt 


ggtttagaat 


attttgaaaa 


aatcaaaaca 


1500 


tttttaggag 


gtgcatctgt 


aaaagattta 


cgcgcattaa 


gtcaacataa 


tgtaagtatg 


1560 


gatatcgcaa 


catttaaacg 


tttacaagtc 


gatagtctag 


ttggtcttag 


tgtagcagaa 


1620 


gttcaaaaat 


tattagggcc 


gaatattgta 


gatttaaaaa 


cagaagaaga 


taaaagtcca 


1680 


gttcgtgact 


ggttatttcg 


acaacatcag 


aaagacttag 


atcgtcttgg attaggttta 


1740 


caaggtggta 


ttccaaatgg 


ttatttagtt 


ttagatttta 


atgtacgtga agcatttagt 


1800 


tcaagagcga 


gtttattagg 


tccaggtttt 


gtgttaattt 


ggattccagc 


attactacca 


1860 


gcacttcgtt 


tatcataa 










1878 



<210> SEQ ID NO 37 

<211> LENGTH : 625 

<212> TYPE: PRT 

<213> ORGANISM: Mus musculus 

<400> SEQUENCE: 37 

Met Ala Leu Pro Thr Ala Arg Pro Leu Leu Gly Ser Cys Gly Ser Pro 
1 5 10 15 

lie Cys Ser Arg Ser Phe Leu Leu Leu Leu Leu Ser Leu Gly Trp lie 
20 25 30 



Pro Arg Leu Gin Thr Gin Thr Thr Lys Thr Ser Gin Glu Ala Thr Leu 
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35 40 45 

Leu His Ala Val Asn Gly Ala Ala Asp Phe Ala Ser Leu Pro Thr Gly 
50 55 60 

Leu Phe Leu Gly Leu Thr Cys Glu Glu Val Ser Asp Leu Ser Met Glu 
65 70 75 ' 80 

Gin Ala Lys Gly Leu Ala Met Ala Val Arg Gin Lys Asn lie Thr Leu 
85 90 * 95 

Arg Gly His Gin Leu Arg Cys Leu Ala Arg Arg Leu Pro Arg His Leu 
100 105 110 

Thr Asp Glu Glu Leu Asn Ala Leu Pro Leu Asp Leu Leu Leu Phe Leu 
115 120 125 

Asn Pro Ala Met Phe Pro Gly Gin Gin Ala Cys Ala His Phe Phe Ser 
130 135 140 

Leu lie Ser Lys Ala Asn Val Asp Val Leu Pro Arg Arg Ser Leu Glu 
145 150 155 160 

Arg Gin Arg Leu Leu Met Glu Ala Leu Lys Cys Gin Gly Val Tyr Gly 
165 170 175 

Phe Gin Val Ser Glu Ala Asp Val Arg Ala Leu Gly Gly Leu Ala Cys 
180 185 190 

Asp Leu Pro Gly Lys Phe Val Ala Arg Ser Ser Glu Val Leu Leu Pro 
195 200 205 

Trp Leu Ala Gly Cys Gin Gly Pro Leu Asp Gin Ser Gin Glu Lys Ala 
210 215 220 

Val Arg Glu Val Leu Arg Ser Gly Arg Thr Gin Tyr Gly Pro Pro Ser 
225 230 235 240 

Lys Trp Ser Val Ser Thr Leu Asp Ala Leu Gin Ser Leu Val Ala Val 
245 250 255 

Leu Asp Glu Ser lie Val Gin Ser lie Pro Lys Asp Val Lys Ala Glu 
260 265 270 

Trp Leu Gin His lie Ser Arg Asp Pro Ser Arg Leu Gly Ser Lys Leu 
275 280 285 

Thr Val lie His Pro Arg Phe Arg Arg Asp Ala Glu Gin Lys Ala Cys 
290 295 300 

Pro Pro Gly Lys Glu Pro Tyr Lys Val Asp Glu Asp Leu lie Phe Tyr 
305 310 315 320 

Gin Asn Trp Glu Leu Glu Ala Cys Val Asp Gly Thr Met Leu Ala Arg 
325 330 335 

Gin Met Asp Leu Val Asn Glu lie Pro Phe Thr Tyr Glu Gin Leu Ser 
340 345 350 

lie Phe Lys His Lys Leu Asp Lys Thr Tyr Pro Gin Gly Tyr Pro Glu 
355 360 365 

Ser Leu lie Gin Gin Leu Gly His Phe Phe Arg Tyr Val Ser Pro Glu 
370 375 380 

Asp lie His Gin Trp Asn Val Thr Ser Pro Asp Thr Val Lys Thr Leu 
385 390 395 400 

Leu Lys Val Ser Lys Gly Gin Lys Met Asn Ala Gin Ala lie Ala Leu 
4 05 410 415 

Val Ala Cys Tyr Leu Arg Gly Gly Gly Gin Leu Asp Glu Asp Met Val 
420 425 430 

Lys Ala Leu Gly Asp lie Pro Leu Ser Tyr Leu Cys Asp Phe Ser Pro 
435 ~ 440 445 



US 2005/0249748 Al Nov. 10, 2005 

120 



-continued 



Gin Asp Leu His Ser Val Pro Ser Ser Val Met Trp Leu Val Gly Pro 
450 455 460 

Gin Gly Leu Asp Lys Cys Ser Gin Arg His Leu Gly Leu Leu Tyr Gin 
465 ~ ' 470 475 480 

Lys Ala Cys Ser Ala Phe Gin Asn Val Ser Gly Leu Glu Tyr Phe Glu 
485 490 495 

Lys lie Lys Thr Phe Leu Gly Gly Ala Ser Val Lys Asp Leu Arg Ala 
500 505 510 

Leu Ser Gin His Asn Val Ser Met Asp lie Ala Thr Phe Lys Arg Leu 
515 520 525 

Gin Val Asp Ser Leu Val Gly Leu Ser Val Ala Glu Val Gin Lys Leu 
530 535 540 

Leu Gly Pro Asn lie Val Asp Leu Lys Thr Glu Glu Asp Lys Ser Pro 
545 550 555 560 

Val Arg Asp Trp Leu Phe Arg Gin His Gin Lys Asp Leu Asp Arg Leu 
565 570 575 

Gly Leu Gly Leu Gin Gly Gly lie Pro Asn Gly Tyr Leu Val Leu Asp 
580 585 590 

Phe Asn Val Arg Glu Ala Phe Ser Ser Arg Ala Ser Leu Leu Gly Pro 
595 600 605 

Gly Phe Val Leu lie Trp lie Pro Ala Leu Leu Pro Ala Leu Arg Leu 
610 615 620 

Ser 
625 



<210> SEC; ID NO 3 8 
<211> LENGTH: 335 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Partial expression cassette comprising codon- 
optimi2ed sequence 

<4 00> SEQUENCE: 38 

gtacctcctt tgattagtat attcctatct taaagttact tttatgtgga ggcattaaca 60 

tttgttaatg acgtcaaaag gatagcaaga ctagaataaa gctataaagc aagcatataa 120 

tattgcgttt catctttaga agcgaatttc gccaatatta taattatcaa aagagagggg 180 

tggcaaacgg tatttggcat tattaggtta aaaaatgtag aaggagagtg aaacccatga 240 

aaaaacgtaa agttttaatt ccattaatgg cattaagtac aattttagtt agtagtacag 300 

gtaatttaga agttattcaa gcagaagttg gatcc 335 

<210> SEQ ID NO 39 
<211> LENGTH: 27 7 8 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Coding sequences of plasmid comprising codon- 
optimized sequence 

<400> SEQUENCE: 39 

ggatcccaag gaaaagaagt cgtactttta gatttcgcag cagcaggagg agaattagga 60 
tggttaactc atccatatgg caaaggctgg gatttaatgc aaaacattat gaacgatatg 120 



ccaatttata tgtactccgt atgtaatgta atgagcggtg atcaagataa ctggttacgt 180 
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actaattggg 


tttatcgagg 


tgaagcagaa 


agaattttta 


ttgaact taa 


atttactgtt 


240 


cgtgactgta 


atagttttcc 


aggaggggcc 


tcatcatgta 


aagaaacatt 


caatctatat 


300 


tatgccgaaa 


gcgatcttga 


4- 4- tx 4- n4> n a 

ttatggtaca 


aatttccaaa 


aacgtttatt 


tactaaaatt 


360 


gatacaat ag 


c tccagatga 


aatcactgta 


agttccgatt 


ttgaagctcg 


tcatgtaaaa 


420 


ttaaatgtag 


aagaacgcag 


t gttggtcca 


ctaac tagaa 


aagga tt tt a 


4- „4- 4- r» r~- 4- 4- 4- 


4 80 


caagatatag 


gggcttgcgt 


agcatrgxta 


tccgttcgtg 


t atactataa 


aaaatgtcca 


54 0 


gaac tact tc 


aaggcttagc 


acatt ttcca 


gaaacaattg 


c gggctcaga 


tgcgccatca 




cttgcaactg 


tggcgggtac 


atgtgttgat 


catgctgttg 


tgccaccagg 


aggagaggaa 


66 0 


cctcgcatgc 


actgtgcagt 


agatggtgaa 


tggttagttc 


ctattggtca 


atgtttatgt 


720 


caagccggtt 


atgaaaaagt 


tgaagatgct 


tgtcaagcat 


gctccccagg 


tttttttaaa 


780 


ttcgaagcta 


gtgaatctcc 


atgcttagaa 


tgtccagaac 


acacattacc 


aagtccagaa 


840 


ggtgcaacgt 


cctgtgaatg 


cgaagaaggt 


ttttttcgtg 


ccccacaaga 


tccagcctca 


900 


a tgccttgta 


cacgaccgcc 


ttctgctcca 


cactatttaa 


cagccgtagg 


aatgggcgct 


960 


aaagtagagt 


tacgatggac 


accgcctcaa 


gatagtggag 


gccgtgaaga 


tattgtttat 


1020 


tccgttactt 


gtgaacaatg 


ctggccagaa 


agtggtgaat 


gcgggccttg 


cgaagcatca 


1080 


gttagatatt 


cggaaccacc 


acacgggtta 


actagaacta 


gtgtcacagt 


atcagactta 


1140 


gaaccacaca 


tgaattatac 


atttacagtt 


gaggcacgta 


atggagtatc 


tggtttagtt 


1200 


acatcacgct 


cttttcgcac 


agcatcggtc 


tctattaacc 


aaactgaacc 


gccaaaagta 


1260 


agattagaag 


ggcgttcgac 


aacatcactt 


tccgtaagtt 


ggtcaattcc 


accaccacaa 


1320 


caatcacgcg 


tttggaaata 


tgaagttaca 


tacagaaaaa 


aaggagattc 


gaatagttat 


1380 


aatgttagac 


gtacagaagg 


attcagcgta 


accctagatg 


atttagctcc 


agatacaaca 


144 0 


tatttagtac 


aggtgcaagc 


attaacacaa 


gaaggacaag 


gggcgggctc 


acgagttcat 


1500 


gaatttcaaa 


cattacatag 


aagaagaaag 


aatcaaagag 


cacgtcaatc 


accagaagat 


1560 


gtttattttt 


caaagt ctga 


acagttgaaa 


ccattgaaaa 


cctatgttga 


tccacacaca 


1 620 


tacgaagacc 


caaaccaagc 


ggtcc ttaaa 


tttacaaccg 


aaattcatcc 


atcat gcgta 


1680 


actcgtcaaa 


aagtgatcgg 


agctggagaa 


ttcggggagg 


tatacaaagg 


catgttgaaa 


1740 


acctcaagtg 


gtaaaaaaga 


agttcctgta 


gcaattatga 


ctcttaaagc 


agggtataca 


1800 


gaaaaacaac 


gagttgattt 


tttaggcgaa 


gctggtatca 


tgggacaatt 


ttcgcatcat 


1860 


aatataatta 


gacttgaagg 


tgttatctct 


aaatataaac 


caatgatgat 


tattactgaa 


1920 


tatatggaaa 


acggtgcttt 


agataaattt 


ctacgcgaaa 


aagatggtga 


attttctgtc 


1980 


cttcaattag 


ttggtatgtt 


acgtggcatc 


gctgcaggta 


tgaaatatct 


tgccaacatg 


2040 


aattatgtac 


atagagattt 


agcggctcga 


aatattcttg 


taaattccaa 


tttagtgtgc 


2100 


aaagttagtg 


atttcggttt 


aagtcgagta 


ttagaagatg 


atccagaagc 


aacctatact 


2160 


acttcggggg 


gtaaaattcc 


gatccgttgg 


acagcaccgg 


aagcaatttc 


atatcgtaaa 


2220 


tttacatctg 


caagcgatgt 


ttggagtttc 


ggaattgtga 


tgtgggaagt 


aatgacatac 


2280 


ggcgaacgtc 


catattggga 


attgtcaaac 


catgaagtaa 


tgaaagcgat 


taacgatggt 


2340 


ttcagattac 


caaccccaat 


ggactgtcca 


tcagcaattt 


atcaactaat 


gatgcaatgc 


2400 


tggcaacaag 


aaagagctag 


aagacctaaa 


tttgcagaca 


ttgtttcaat 


tttagacaaa 


2460 
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ctaattcgtg cgccagatag tcttaaaacc ctagctgatt tcgatccacg cgtatcaatt 2520 

cgtcttccat caacatcggg atctgaaggt gttcctttta gaacagtaag cgagtggtta 2580 

gaatcgatta aaatgcaaca gtatacagaa cattttatgg cagccggata cacagcaatt 2640 

gaaaaagttg tgcaaatgac aaatgatgat attaaacgta ttggagtgcg tctecctggc 2700 

caccaaaaac gtattgctta ctccctttta ggtttaaaag accaagtaaa tacagtcgga 2760 

attccaatat gagagctc 2778 

<210> SEQ ID NO 4 0 

<211> LENGTH: 1382 

<212> TYPE; DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Subfragment of codon-optimized sequence 
containing intergenic region 

<400> SEQUENCE: 4 0 



acgcgtttgg 


aaatatgaag 


ttacatacag 


aaaaaaagga 


gattcgaata 


gttataatgt 


60 


tagacgtaca 


gaaggattca 


gcgtaaccct 


agatgattta 


gctccagata 


caacatattt 


120 


agtacaggtg 


caagcattaa 


cacaagaagg 


acaaggggcg 


ggctcacgag 


ttcatgaatt 


180 


tcaaacatta 


taaaaacaca 


gaacgaaaga 


aaaagtgagg 


tgaatgatat 


ggcatatgat 


240 


agtcgttttg 


atgaatgggt 


tcaaaaatta 


aaagaagaaa 


gttttcaaaa 


taatacattt 


300 


gatcgtcgta 


aatttattca 


aggtgcaggt 


aaaattgcag 


gtttaagttt 


aggtttaaca 


360 


attgcacaaa 


gtgttggtgc 


atttcataga 


agaagaaaga 


atcaaagagc 


acgtcaatca 


420 


ccagaagatg 


tttatttttc 


aaagtctgaa 


cagttgaaac 


cattgaaaac 


ctatgttgat 


480 


ccacacacat 


acgaagaccc 


aaaccaagcg 


gtccttaaat 


ttacaaccga 


aattcatcca 


540 


tcatgcgtaa 


ctcgtcaaaa 


agtgatcgga 


gctggagaat 


tcggggaggt 


atacaaaggc 


600 


atgttgaaaa 


cctcaagtgg 


taaaaaagaa 


gttcctgtag 


caattatgac 


tcttaaagca 


660 


gggtatacag 


aaaaacaacg 


agttgatttt 


ttaggcgaag 


ctggtatcat 


gggacaattt 


720 


tcgcatcata 


atataattag 


acttgaaggt 


gttatctcta 


aatataaacc 


aatgatgatt 


780 


attactgaat 


atatggaaaa 


cggtgcttta 


gataaatttc 


tacgcgaaaa 


agatggtgaa 


840 


ttttctgtcc 


ttcaattagt 


tggtatgtta 


cgtggcatcg 


ctgcaggtat 


gaaatatctt 


900 


gccaacatga 


attatgtaca 


tagagattta 


gcggctcgaa 


atattcttgt 


aaattccaat 


960 


ttagtgtgca 


aagttagtga 


tttcggttta 


agtcgagtat 


tagaagatga 


tccagaagca 


1020 


acctatacta 


cttcgggggg 


taaaattccg 


atccgttgga 


cagcaccgga 


agcaatttca 


1080 


tatcgtaaat 


ttacatctgc 


aagcgatgtt 


tggagtttcg 


gaattgtgat 


gtgggaagta 


1140 


atgacatacg 


gcgaacgtcc 


atattgggaa 


ttgtcaaacc 


atgaagtaat 


gaaagcgatt 


1200 


aacgatggtt 


tcagattacc 


aaccccaatg 


gactgtccat 


cagcaattta 


tcaactaatg 


1260 


atgcaatgct 


ggcaacaaga 


aagagctaga 


agacctaaat 


ttgcagacat 


tgtttcaatt 


1320 


ttagacaaac 


taattcgtgc 


gccagatagt 


cttaaaaccc 


tagctgattt 


cgatccacgc 


1380 


gt 








* 




1382 



<210> SEQ ID NO 41 
<211> LENGTH: 447 
<212> TYPE: DNA 
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<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic construct 
<4 00> SEQUENCE: 41 

ggtacctcct ttgattagta tattcctatc ttaaagttac ttttatgtgg aggcattaac 60 

atttgttaat gacgtcaaaa ggatagcaag actagaataa agctataaag caagcatata 120 

atattgcgtt tcatctttag aagcgaattt cgccaatatt ataattatca aaagagaggg 180 

gtggcaaacg gtatttggca ttattaggtt aaaaaatgta gaaggagagt gaaacccatg 240 

aatatgaaaa aagctacgat tgcagctaca gccggcattg ccgtaacagc ttttgcagca 300 

ccaactattg cctcagcctc tacagttgtt gtcgaagcag gagacacatt atggggaatc 360 

gcacaatcaa aaggtacaac ggttgotgct attaaaaaag cgaataattt aacaacagat 420 

aaaatcgtgc caggtcaaaa actgcag 447 

<210> SEQ ID NO 42 
<211> LENGTH: 168 3 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Plasmid subfragment 
<400> SEQUENCE: 42 



ggtacctcct 


ttgattagta 


tattcctatc 


ttaaagttac 


ttttatgtgg aggcattaac 


60 


atttgttaat 


gacgtcaaaa 


ggatagcaag 


actagaataa 


agctataaag caagcatata 


120 


atattgcgtt 


tcatctttag 


aagcgaattt 


cgccaatatt 


ataattatca aaagagaggg 


180 


gtggcaaacg 


gtatttggca 


ttattaggtt 


aaaaaatgta 


gaaggagagt gaaacccatg 


240 


aatatgaaaa 


aagctacgat 


tgcagctaca 


gccggcattg 


ccgtaacagc ttttgcagca 


300 


ccaactattg 


cctcagcctc 


tacagttgtt 


gtcgaagcag 


gagacacatt atggggaatc 


360 


gcacaatcaa 


aaggtacaac 


ggttgatgct 


attaaaaaag 


cgaataattt aacaacagat 


420 


aaaatcgtgc 


caggtcaaaa 


actgcaggta 


aataatgagg 


ttgctgctgc tgaaaaaaca 


480 


gagaaatctg 


ttagcgcaac 


ttggttaaac 


gtccgtactg 


gcgctggtgt tgataacagt 


540 


attattacgt 


ccatcaaagg 


tggaacaaaa 


gtaactgttg 


aaacaaccga atctaacggc 


600 


tggcacaaaa 


ttacttacaa 


cgatggaaaa 


actggtttcg 


ttaacggtaa atacttaact 


660 


gacaaagcag 


taagcactcc 


agttgcacca 


acacaagaag 


tgaaaaaaga aactactact 


720 


caacaagctg 


cacctgttgc 


agaaacaaaa 


actgaagtaa 


aacaaactac acaagcaact 


780 


acacctgcgc 


ctaaagtagc 


agaaacgaaa 


gaaactccag 


taatagatca aaatgctact 


840 


acacacgctg 


tcaaaagcgg 


tgacactatt 


tgggctttat 


ccgtaaaata cggtgtttct 


900 


gttcaagaca 


ttatgtcatg 


gaataattta 


tcttcttctt 


ctatttatgt aggtcaaaag 


960 


cttgctatta 


aacaaactgc 


taacacagct 


actccaaaag 


cagaagtgaa aacggaagct 


1020 


ccagcagctg 


aaaaacaagc 


agctccagta 


gttaaagaaa 


atactaacac aaatactgct 


1080 


actacagaga 


aaaaagaaac 


agcaacgcaa 


caacaaacag 


cacctaaagc accaacagaa 


1140 


gctgcaaaac 


cagctcctgc 


accatctaca 


aacacaaatg 


ctaataaaac gaatacaaat 


1200 


acaaatacaa 


acaatactaa 


tacaccatct 


aaaaatacta 


atacaaactc aaatactaat 


1260 


acgaatacaa 


actcaaatac 


gaatgctaat 


caaggttctt 


ccaacaataa cagcaattca 


1320 
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agtgcaagtg ctattattgc tgaagctcaa aaacaccttg gaaaagctta ttcatggggt 1380 

ggtaacggac caactacatt tgattgctct ggttacacta aatatgtatt tgctaaagcg 1440 

ggtatctccc ttccacgtac atctggcgca caatatgcta gcactacaag aatttctgaa 1500 

tctcaagcaa aacctggtga tttagtattc ttcgactatg gtagcggaat ttctcacatt 1560 

ggtatttatg ttggtaatgg tcaaatgatt aacgcgcaag acaatggcgt taaatacgat 1620 

aacatccacg gctctggctg gggtaaatat ctagttggct tcggtcgcgt ataataagga 1680 

tec 1683 

<210> SEQ ID NO 4 3 
<211> LENGTH: 3552 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Plasmid subfragment 
<400> SEQUENCE: 4 3 



ggtacctcct 


ttgattagta 


tattcctatc 


ttaaagttac 


ttttatgtgg aggcattaac 


60 


atttgttaat 


gaegtcaaaa 


ggatagcaag 


actagaataa 


agctataaag caagcatata 


120 


atattgegtt 


tcatctttag 


aagcgaattt 


cgecaatatt 


ataattatca aaagagaggg 


180 


gtggcaaacg 


gtatttggca 


ttattaggtt 


aaaaaatgta 


gaaggagagt gaaacccatg 


240 


aatatgaaaa 


aagctacgat 


tgcagctaca 


geeggcattg 


ccgtaacagc ttttgeagea 


300 


ccaactattg 


cctcagcctc 


tacagttgtt 


gtcgaagcag 


gagacacatt atggggaatc 


360 


gcacaatcaa 


aaggtacaac 


ggttgatgct 


attaaaaaag 


cgaataattt aacaacagat 


420 


aaaatcgtgc 


caggtcaaaa 


actgeaggea 


ttgccaactg 


cacgtccatt actaggtagt 


480 


tgeggtacac 


cagcactagg 


ttctttatta 


tttttgttat 


tttctctagg ttgggttcaa 


540 


ecaagtegta 


cattagcagg 


tgaaacaggt 


caagaagcag 


caccacttga cggtgtatta 


600 


acgaatccac 


caaatatatc 


aagtttaagt 


ccacgtcaat 


tattaggttt tccatgtgca 


660 


gaagtttcag 


gtttaagtac 


agaacgtgtc 


cgtgagttag 


cagttgeatt agcacaaaaa 


720 


ancgttaaat 


tatctacaga 


acagttacgt 


tgtttagccc 


atagattaag cgaaccacca 


780 


gaagacttag 


atgcacttcc 


tttagacctt 


cttttattct 


taaatccaga tgeattttea 


840 


ggaccacaag 


catgtacacg 


tttttttagt 


cgaattacaa 


aagccaatgt tgatttatta 


900 


cctcgtgggg 


ctcctgaaag 


acaaegttta 


ttacctgctg 


cattagcatg ctggggtgtt 


960 


cgeggtaget 


tattaagtga 


agccgatgtt 


cgtgctttag 


ggggtttagc atgtgattta 


1020 


cctggtcgtt 


tegttgeaga 


atcagcagaa 


gtgttattac 


cgagattagt ttcatgccca 


1080 


ggacctttag 


atcaagatca 


acaagaggca 


gctagagcag 


ctcttcaagg aggaggecca 


1140 


ccatatggcc 


caccaagtac 


atggagtgtt 


tctacaatgg 


atgcgttaag aggtttatta 


1200 


ccggttttag 


gacaaccaat 


tattegtagt 


attccacaag 


gcattgtagc agcatggcgt 


1260 


caaegtagtt 


ctcgtgatcc 


gtcttggcga 


caaccagaac 


gtacaattct aegtccaaga 


1320 


tttegtagag 


aagtagaaaa 


aacggcgtgt 


cctagtggca 


aaaaagcacg tgaaattgat 


1380 


gaaagtttaa 


ttttttataa 


aaaatgggaa 


ttagaagcat 


gtgtcgatgc agcattacta 


1440 


gctacacaaa 


tggatcgtgt 


taatgetatt 


ccattcacat 


atgaacaatt agatgtttta 


1500 


aagcataaat 


tagacgaatt 


atatccacaa 


ggttatccag 


aatcagttat tcaacattta 


1560 
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ggttacttat 


ttttaaaaat 


gagtccagaa 


gacatacgca 


aatggaatgt tacaagttta 


1620 


gaaacattaa 


aagcgctttt 


agaagttaac 


aaaggtcatg aaatgagtcc acaagttgct 


1680 


acgttaattg 


atagattcgt 


taaaggccgt 


ggtcaattag ataaagatac tttagataca 


1740 


ttaacagcat 


tttatcctgg 


ctacttatgc 


agtttatcac 


cagaagaatt aagttccgtt 


1800 


ccaccgagta 


gtatctgggc 


agttcgtccg 


caagatttag 


atacatgcga cccacgtcaa 


1860 


ttagatgttt 


tatatccaaa 


agcaagatta 


gctttccaaa 


atatgaacgg tagtgaatat 


1920 


ttcgtaaaaa 


-ttcaatcctt 


tttaggtggt 


gcaccaactg 


aagatctaaa agcattaagc 


1980 


caacaaaatg 


taagtatgga 


tttagctacg 


tttatgaaat tacgtacaga tgcagttcta 


2040 


ccattaacag 


ttgcagaagt 


tcaaaaatta 


ttaggtccac 


acgtagaagg attaaaagca 


2100 


gaagaacgtc 


accgtccagt 


tcgcgattgg 


attttacgtc 


aacgtcaaga tgatttagat 


2160 


acattaggtt 


taggtttaca 


aggcggtatt 


ccgaatggat 


atttagtgtt agatttatct 


2220 


gttcaagaag 


cattaagtgg 


tacaccgtgt 


ttattaggtc 


caggtccagt tttaacagtg 


2280 


ttagcattat 


tattagccag 


tacattagct 


ctgcaggtaa 


ataatgaggt tgctgctgct 


2340 


gaaaaaacag 


agaaatctgt 


tagcgcaact 


tggttaaacg tccgtactgg cgctggtgtt 


2400 


gataacagta 


ttattacgtc 


catcaaaggt 


ggaacaaaag taactgttga aacaaccgaa 


2460 


tctaacggct 


ggcacaaaat 


tacttacaac 


gatggaaaaa 


ctggtttcgt taacggtaaa 


2520 


tacttaactg 


acaaagcagt 


aagcactcca 


gttgcaccaa 


cacaagaagt gaaaaaagaa 


2580 


actactactc 


aacaagctgc 


acctgttgca 


gaaacaaaaa 


ctgaagtaaa acaaactaca 


2640 


caagcaacta 


cacctgcgcc 


taaagtagca 


gaaacgaaag 


aaactccagt aatagatcaa 


2700 


aatgctacta 


cacacgctgt 


caaaagcggt 


gacactattt 


gggctttatc cgtaaaatac 


2760 


ggtgtttctg 


ttcaagacat 


tatgtcatgg 


aataatttat 


cttcttcttc tatttatgta 


2820 


ggtcaaaagc 


ttgctattaa 


acaaactgct 


aacacagcta 


ctccaaaagc agaagtgaaa 


2880 


acggaagctc 


cagcagctga 


aaaacaagca 


gctccagtag 


ttaaagaaaa tactaacaca 


2940 


aatactgcta 


ctacagagaa 


aaaagaaaca 


gcaacgcaac 


aacaaacagc acctaaagca 


3000 


ccaacagaag 


ctgcaaaacc 


agctcctgca 


ccatctacaa 


acacaaatgc taataaaacg 


3060 


aatacaaata 


caaatacaaa 


caatactaat 


acaccatcta 


aaaatactaa tacaaactca 


3120 


aatactaata 


cgaatacaaa 


ctcaaatacg 


aatgctaatc 


aaggttcttc caacaataac 


3180 


agcaattcaa 


gtgcaagtgc 


tattattgct 


gaagctcaaa 


aacaccttgg aaaagcttat 


3240 


tcatggggtg 


gtaacggacc 


aactacattt 


gattgctctg 


gttacactaa atatgtattt 


3300 


gctaaagcgg 


gtatctccct 


tccacgtaca 


tctggcgcac 


aatatgctag cactacaaga 


3360 


atttctgaat 


ctcaagcaaa 


acctggtgat 


ttagtattct tcgactatgg tagcggaatt 


3420 


tctcacattg 


gtatttatgt 


tggtaatggt 


caaatgatta 


acgcgcaaga caatggcgtt 


3480 


aaatacgata 


acatccacgg 


ctctggctgg 


ggtaaatatc 


tagttggctt cggtcgcgta 


3540 


taataaggat 


cc 








3552 



<210> SEQ ID NO 4 4 

<211> LENGTH: 3327 

<212> TYPE : DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Plasmid subfragment 
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<400> SEQUENCE: 4 4 



ggtacctcct 


ttgattagta 


tattcctatc 


ttaaagttac 


ttttatgtgg 


aggcattaac 


60 


atttgttaat 


gacgtcaaaa 


ggatagcaag 


actagaataa 


agctataaag 


caagcatata 


120 


atattgcgtt 


tcatctttag 


aagcgaattt 


cgccaatatt 


ataattatca 


aaagagaggg 


180 


gtggcaaacg 


gtatttggca 


ttattaggtt 


aaaaaatgta 


gaaggagagt 


gaaacccatg 


240 


aatatgaaaa 


aagctacgat 


tgcagctaca 


gccggcattg 


ccgtaacagc 


ttttgcagca 


300 


ccaactattg 


cctcagcctc 


tacagttgtt 


gtcgaagcag 


gagacacatt 


atggggaatc 


360 


gcacaatcaa 


aaggtacaac 


ggttgatgct 


attaaaaaag 


cgaataattt 


aacaacagat 


420 


aaaatcgtgc 


caggtcaaaa 


actgcagcgt 


acattagcag 


gtgaaacagg 


tcaagaagca 


480 


gcaccacttg 


acggtgtatt 


aacgaatcca 


ccaaatatat 


caagtttaag 


tccacgtcaa 


540 


ttattaggtt 


ttccatgtgc 


agaagtttca 


ggtttaagta 


cagaacgtgt 


ccgtgagtta 


600 


gcagttgcat 


tagcacaaaa 


aaacgttaaa 


ttatctacag 


aacagttacg 


ttgtttagcc 


660 


catagattaa 


gcgaaccacc 


agaagactta 


gatgcacttc 


ctttagacct 


tcttttattc 


720 


ttaaatccag 


atgcattttc 


aggaccacaa 


gcatgtacac 


gtttttttag 


tcgaattaca 


780 


aaagccaatg 


ttgatttatt 


acctcgtggg 


gctcctgaaa 


gacaacgttt 


attacctgct 


840 


gcattagcat 


gctggggtgt 


tcgcggtagc 


ttattaagtg 


aagccgatgt 


tcgtgcttta 


900 


gggggtttag 


catgtgattt 


acctggtcgt 


ttcgttgcag 


aatcagcaga 


agtgttatta 


960 


ccgagattag 


tttcatgccc 


aggaccttta 


gatcaagatc 


aacaagaggc 


agctagagca 


1020 


gctcttcaag 


gaggaggccc 


accatatggc 


ccaccaagta 


catggagtgt 


ttctacaatg 


1080 


gatgcgttaa 


gaggtttatt 


accggtttta 


ggacaaccaa 


ttattcgtag 


tattccacaa 


1140 


ggcattgtag 


cagcatggcg 


tcaacgtagt 


tctcgtgatc 


cgtcttggcg 


acaaccagaa 


1200 


cgtacaattc 


tacgtccaag 


atttcgtaga 


gaagtagaaa 


aaacggcgtg 


tcctagtggc 


1260 


aaaaaagcac 


gtgaaattga 


tgaaagttta 


attttttata 


aaaaatggga 


attagaagca 


1320 


tgtgtcgatg 


cagcattact 


agctacacaa 


atggatcgtg 


ttaatgctat 


tccattcaca 


1380 


tatgaacaat 


tagatgtttt 


aaagcataaa 


ttagacgaat 


tatatccaca 


aggttatcca 


1440 


gaatcagtta 


ttcaacattt 


aggttactta 


tttttaaaaa 


tgagtccaga 


agacatacgc 


1500 


aaatggaatg 


ttacaagttt 


agaaacatta 


aaagcgcttt 


tagaagttaa 


caaaggtcat 


1560 


gaaatgagtc 


cacaogttgc 


tacgttaatt 


gatagattcg 


ttaaaggccg 


tggtcaatta 


1620 


gataaagata 


ctttagatac 


attaacagca 


ttttatcctg 


gctacttatg 


cagtttatca 


1680 


ccagaagaat 


taagttccgt 


tccaccgagt 


agtatctggg 


cagttcgtcc 


gcaagattta 


1740 


gatacatgcg 


acccacgtca 


attagatgtt 


ttatatccaa 


aagcaagatt 


agctttccaa 


1800 


aatatgaacg 


gtagtgaata 


tttcgtaaaa 


attcaatcct 


ttttaggtgg 


tgcaccaact 


1860 


gaagatctaa 


aagcattaag 


ccaacaaaat 


gtaagtatgg 


atttagctac 


gtttatgaaa 


1920 


ttacgtacag 


atgcagttct 


accattaaca 


gttgcagaag 


ttcaaaaatt 


attaggtcca 


1980 


cacgtagaag 


gattaaaagc 


agaagaacgt 


caccgtccag 


ttcgcgattg 


gattttacgt 


2040 


caacgtcaag 


atgatttaga 


tacattaggt 


ttaggtttac 


aaggcctgca 


ggtaaataat 


2100 


gaggttgctg 


ctgctgaaaa 


aacagagaaa 


tctgttagcg 


caacttggtt 


aaacgtccgt 


2160 


actggcgctg 


gtgttgataa 


cagtattatt 


acgtccatca 


aaggtggaac 


aaaagtaact 


2220 
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gttgaaacaa 


ccgaatctaa 


cggctggcac 


aaaattactt 


acaacgatgg aaaaactggt 


2280 


ttcgttaacg 


gtaaatactt 


aactgacaaa 


gcagtaagca 


ctccagttgc accaacacaa 


2340 


gaagtgaaaa 


aagaaactac 


tactcaacaa 


gctgcacctg 


ttgcagaaac aaaaactgaa 


2400 


gtaaaacaaa 


ctacacaagc 


aactacacct 


gcgcctaaag 


tagcagaaac gaaagaaact 


2460 


ccagtaatag 


atcaaaatgc 


tactacacac 


gctgtcaaaa 


gcggtgacac tatttgggct 


2520 


ttatccgtaa 


aatacggtgt 


ttctgttcaa 


gacattatgt 


catggaataa tttatcttct 


2580 


tcttctattt 


atgtaggtca 


aaagcttgct 


attaaacaaa 


ctgctaacac agctactcca 


2640 


aaagcagaag 


tgaaaacgga 


agctccagca 


gctgaaaaac 


aagcagctcc agtagttaaa 


2700 


gaaaatacta 


acacaaatac 


tgctactaca 


gagaaaaaag 


aaacagcaac gcaacaacaa 


2760 


acagcaccta 


aagcaccaac 


agaagctgca 


aaaccagctc 


ctgcaccatc tacaaacaca 


2820 


aatgctaata 


aaacgaatac 


aaatacaaat 


acaaacaata 


ctaatacacc atctaaaaat 


2880 


actaatacaa 


actcaaatac 


taatacgaat 


acaaactcaa 


atacgaatgc taatcaaggt 


2940 


tcttccaaca 


ataacagcaa 


ttcaagtgca 


agtgctatta ttgctgaagc tcaaaaacac 


3000 


cttggaaaag 


cttattcatg 


gggtggtaac 


ggaccaacta 


catttgattg ctctggttac 


3060 


actaaatatg 


tatttgctaa 


agcgggtatc 


tcccttccac 


gtacatctgg cgcacaatat 


3120 


gctagcacta 


caagaatttc 


tgaatctcaa 


gcaaaacctg 


gtgatttagt attcttcgac 


3180 


tatggtagcg 


gaatttctca 


cattggtatt 


tatgttggta 


atggtcaaat gattaacgcg 


3240 


caagacaatg 


gcgttaaata 


cgataacatc 


cacggctctg 


gctggggtaa atatctagtt 


3300 


ggcttcggtc 


gcgtotaata 


aggatcc 






3327 



<210> SEQ ID NO 45 
<211> LENGTH: 26 
<212> TYPE: PRT 

<213> ORGANISM: Listeria monocytogenes 
<4 00> SEQUENCE: 4 5 

Met Lys Lys lie Met Leu Val Phe lie Thr Leu He Leu Val Ser Leu 
15 10 15 

Pro He Ala Gin Gin Thr Glu Ala Lys Asp 
20 25 



<210> SEQ ID NO 4 6 
<211> LENGTH: 29 
<212> TYPE: PRT 

<213> ORGANISM: Lactococcus lactis 
<4 00> SEQUENCE: 46 

Met Lys Lys Lys He He Ser Ala He Leu Met Ser Thr Val He Leu 
15 10 15 

Ser Ala Ala Ala Pro Leu Ser Gly Val Tyr Ala Asp Thr 
20 25 



<210> SEQ ID NO 4 7 

<211> LENGTH: 31 

<212> TYPE: PRT 

<213> ORGANISM: Bacillus anthracis 

<4 00> SEQUENCE: 4 7 



Met Lys LyB Arg Lys Val Leu He Pro Leu Met Ala Leu Ser Thr He 
15 10 15 
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Leu Val Ser Ser Thr Gly Asn Leu Glu Val He Gin Ala Glu Val 
20 25 30 



<210> SEQ ID NO 48 
<211> LENGTH: 29 
<212> TYPE: PRT 

<213> ORGANISM: Listeria monocytogenes 
<400> SEQUENCE: 4 8 

Met Asn Met Lys Lys Ala Thr He Ala Ala Thr Ala Gly He Ala Val 
1 5 10 15 

Thr Ala Phe Ala Ala Pro Thr He Ala Ser Ala Ser Thr 
20 25 



<210> SEQ ID NO 4 9 
<211> LENGTH: 54 
<212> TYPE: PRT 

<213> ORGANISM: Listeria monocytogenes 
<400> SEQUENCE: 4 9 

Met Gin Lys Thr Arg Lys Glu Arg He Leu Glu Ala Leu Gin Glu Glu 
15 10 15 

Lys Lys Asn Lys Lys Ser Lys Lys Phe Lys Thr Gly Ala Thr He Ala 
20 25 30 

Gly Val Thr Ala He Ala Thr Ser He Thr Val Pro Gly He Glu Val 
35 40 45 

He Val Ser Ala Asp Glu 
50 



<210> SEQ ID NO 50 
<211> LENGTH: 28 
<212> TYPE: PRT 

<213> ORGANISM: Bacillus anthracis 
<4 00> SEQUENCE: 50 

Met Lys Lys Leu Lys Met Ala Ser Cys Ala Leu Val Ala Gly Leu Met 
15 10 15 

Phe Ser Gly Leu Thr Pro Asn Ala Phe Ala Glu Asp 
20 25 



<210> SEQ ID NO 51 
<211> LENGTH: 31 
<212> TYPE: PRT 

<213> ORGANISM: Staphylococcus aureus 
<400> SEQUENCE: 51 

Met Ala Lys Lys Phe Asn Tyr Lys Leu Pro Ser Met Val Ala Leu Thr 
15 10 15 

Leu Val Gly Ser Ala Val Thr Ala His Gin Val Gin Ala Ala Glu 
20 25 30 



<210> SEQ ID NO 52 

<211> LENGTH: 59 

<212> TYPE: PRT 

<213> ORGANISM: Listeria monocytogenes 

<4 00> SEQUENCE: 52 



Met Thr Asp Lys Lys Ser Glu Asn Gin Thr Glu Lys Thr Glu Thr Lys 
15 10 15 
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Glu Asn Lys Gly Met Thr Arg Arg Glu Met Leu Lys Leu Ser Ala Val 
20 25 30 

Ala Gly Thr Gly He Ala Val Gly Ala Thr Gly Leu Gly Thr He Leu 
35 40 45 

Asn Val Val Asp Gin Val Asp Lys Ala Leu Thr 
50 55 



<210> SEQ ID NO 53 
<211> LENGTH: 53 
<212> TYPE: PRT 

<213> ORGANISM: Bacillus subtilis 
<400> SEQUENCE: 53 

Met Ala Tyr Asp Ser Arg Phe Asp Glu Trp Val Gin Lys Leu Lys Glu 
1 5 10 15 

Glu Ser Phe Gin Asn Asn Thr Phe Asp Arg Arg Lys Phe He Gin Gly 
20 25 30 

Ala Gly Lys He Ala Gly Leu Ser Leu Gly Leu Thr He Ala Gin Ser 
35 40 45 

Val Gly Ala Phe Gly 
50 



<210> SEQ ID NO 54 

<211> LENGTH: 5 

<212> TYPE: PRT 

<213> ORGANISM: Listeria monocytogenes 

<4 00> SEQUENCE: 54 

Thr Glu Ala Lys Asp 
1 5 



<210> SEQ ID NO 55 
<211> LENGTH: 5 
<212> TYPE: PRT 

<213> ORGANISM: Lactococcus lactis 

<4 00> SEQUENCE: 55 

Val Tyr Ala Asp Thr 
1 5 



<210> SEQ ID NO 56 

<211> LENGTH: 5 

<212> TYPE: PRT 

<213> ORGANISM: Bacillus anthracis 

<400> SEQUENCE:- 56 

He Gin Ala Glu Val 
L 5 



<210> SEQ ID NO 57 

<211> LENGTH: 5 

<212> TYPE: PRT 

<213> ORGANISM: Listeria monocytogenes 

<4 00> SEQUENCE: 57 

Ala Ser Ala Ser Thr 
1 5 



<210> SEQ ID NO 58 
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<211> LENGTH: 5 
<212> TYPE: PRT 

<213> ORGANISM: Listeria monocytogenes 

<400> SEQUENCE: 58 

Val Ser Ala Asp Glu 
1 5 



<210> SEQ ID NO 59 
<211> LENGTH: 5 
<2I2> TYPE: PRT 

<213> ORGANISM: Bacillus anthracis 

<400> SEQUENCE: 59 

Ala Phe Ala Glu Asp 
1 5 



<210> SEQ ID NO 60 

<211> LENGTH: 5 

<212> TYPE: PRT 

<213> ORGANISM: Staphylococcus aureus 

<400> SEQUENCE: 60 

Val Gin Ala Ala Glu 
1 5 



<210> SEQ ID NO 61 
<211> LENGTH: 5 
<212> TYPE: PRT 

<213> ORGANISM: Listeria monocytogenes 

<4 00> SEQUENCE: 61 

Asp Lys Ala Leu Thr 
1 5 



<210> SEQ ID NO 62 

<211> LENGTH: 5 

<212> TYPE: PRT 

<213> ORGANISM: Bacillus subtilis 

<400> SEQUENCE: 62 - 

Val Gly Ala Phe Gly 
1 5 



<210> SEQ ID NO 63 

<211> LENGTH: 9 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 63 

Val Leu Gin Glu Leu Asn Val Thr Val 
1 5 



<210> SEQ ID NO 64 

<211> LENGTH: 9 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 00> SEQUENCE: 64 

Ser Leu Leu Phe Leu Leu Phe Ser Leu 
1 5 
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<210> SEQ ID NO 65 

<211> LENGTH: 9 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 65 

Val Leu Pro Leu Thr Val Ala Glu Val 
1 5 



<210> SEQ ID NO 66 

<211> LENGTH: 9 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

, <400> SEQUENCE: 66 

Glu Leu Ala Val Ala Leu Ala Gin Lys 

1 5 



<210> SEQ ID NO 67 

<211> LENGTH: 9 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 00> SEQUENCE: 67 

Ala Leu Gin Gly Gly Gly Pro Pro Tyr 
1 5 



<210> SEQ ID NO 68 

<211> LENGTH: 9 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 68 

Phe Tyr Pro Gly Tyr Leu Cys Ser Leu 
1 5 



<210> SEQ ID NO 69 

<211> LENGTH: 9 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 00> SEQUENCE: 69 

Leu Tyr Pro Lys Ala Arg Leu Ala Phe 
1 5 

<210> SEQ ID NO 70 
<211> LENGTH: 19 
<212> TYPE: DNA 

<213> ORGANISM: Listeria monocytogenes 
<4 00> SEQUENCE: 7 0 

aaggagagtg aaacccatg 19 

<210> SEQ ID NO 71 
<211> LENGTH: 37 
<212> TYPE: DNA 

<213> ORGANISM: Listeria monocytogenes 
<4 00> SEQUENCE: 71 

taaaaacaca gaacgaaaga aaaagtgagg tgaatga 37 



<210> SEQ ID NO 72 
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<211> LENGTH: 9 
<212> TYPE: PRT 
<213> ORGANISM: Mus mus cuius 

<400> SEQUENCE: 72 

Ser Pro Ser Tyr Val Tyr His Gin Phe 
1 5 



<210> SEQ ID NO 7 3 
<211> LENGTH: 9 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Altered epitope 
<4 00> SEQUENCE: 73 

Ser Pro Ser Tyr Ala Tyr His Gin Phe 
1 5 



<210> SEQ ID NO 74 

<211> LENGTH: 29 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 00> SEQUENCE: 7 4 

ctctggtacc tcctttgatt agtatattc 29 



<210> SEQ ID NO 75 

<211> LENGTH: 36 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 00> SEQUENCE: 75 

caatggatcc ctcgagatca taatttactt catccc 36 



<210> SEQ ID NO 76 

<211> LENGTH: 32 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 00> SEQUENCE: 7 6 

atttctcgag tccatggggg gttctcatca tc 32 



<210> SEQ ID NO 7 7 

<211> LENGTH: 25 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<400> SEQUENCE: 77 

ggtgctcgag tgcggccgca agctt 25 



<210> SEQ ID NO 78 
<211> LENGTH: 37 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
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<223> OTHER INFORMATION: Synthetic oligonucleotide 



<4 00> SEQUENCE: 78 



cgattcccct agttotgttt accaccaatt tgctgca 



37 



<210> SEQ ID NO 79 

<211> LENGTH: 31 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 00> SEQUENCE: 79 

gcaaattggt ggtaaacata actaggggaa t 31 



<210> SEQ ID NO 80 

<211> LENGTH: 27 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Coding sequence of altered epitope 

<4 00> SEQUENCE: 80 

agtccaagtt atgcatatca tcaattt 27 



<210> SEQ ID NO 81 

<211> LENGTH: 33 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE : 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 00> SEQUENCE: 81 

cgatagtcca agttatgcat atcatcaatt tgc 33 



<210> SEQ ID NO 82 

<211> LENGTH: 34 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<400> SEQUENCE: 82 

gtcgcaaatt gatgatatgc ataacttgga ctat 34 



<210> SEQ ID NO 83 

<211> LENGTH: 24 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 00> SEQUENCE: 8 3 

cccttgggga tccttaatta tacg 24 



<210> SEQ ID NO 8 4 

<211> LENGTH: 29 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 00> SEQUENCE: 84 
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ctctggatcc atccgcgtgt ttcttttcg 



29 



<210> SEQ ID NO 85 

<211> LENGTH: 16 

<212> TYPE: UNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Consensus sequence 

<220> FEATURE: 

<221> NAME/KEY: misc.feature 

<222> LOCATION: 1, 9, 10 , XX, 12, 13 

<223> OTHER INFORMATION: n » A ( U,C or G 

<4 00> SEQUENCE : 85 

naggaggunn nnnaug 16 



<210> SEQ ID NO 86 
<211> LENGTH: 87 
<212> TYPE: DNA 

<213> ORGANISM: Lactococcus lactis 
<400> SEQUENCE: 86 

atgaaaaaaa agattatctc agctatttta atgtctacag tgatactttc tgctgcagcc 60 
ccgttgtcag gtgtttacgc tgacaca 87 



<210> SEQ ID NO 87 
<211> LENGTH: 87 

<212> TYPE: DNA \ 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Codon-opt imized sequence 
<400> SEQUENCE: 87 

atgaaaaaaa aaattattag tgcaatttta atgagtacag ttattttaag tgcagcagca 60 
ccattaagtg gtgtttatgc agataca 87 



<210> SEQ ID NO 88 

<211> LENGTH: 36 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 00> SEQUENCE: 88 

aaggagagtg aaacccatga atatgaaaaa agcaac 36 



<210> SEQ ID NO 89 

<211> LENGTH: 24 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 00> SEQUENCE: 89 

gtgtgatgga tatctgcaga attc 24 



<210> SEQ ID NO 90 

<211> LENGTH: 87 

<212> TYPE: DNA 

<213> ORGANISM: Listeria monocytogenes 



<400> SEQUENCE: 90 
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atgaatatga aaaaagcaac tatcgcggct acagctggga ttgcggtaac agcatttgct 



60 



gcgccaacaa tcgcatccgc aagcact 



87 



<210> SEQ ID NO 91 
<211> LENGTH: 87 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Codon -optimized sequence 
<4 00> SEQUENCE: 91 

atgaatatga aaaaagcaac aattgcagca acagcaggta ttgcagttac agcatttgca 60 
gcaccaacaa ttgcaagtgc aagtaca 87 



<210> SEQ ID NO 92 
<211> LENGTH: 23 
<212> TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 
<400> SEQUENCE: 92 

gacgtcaata cgactcacta tag 23 



<210> SEQ ID NO 9 3 

<211> LENGTH: 36 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<400> SEQUENCE: 93 

cttttttcat attcatgggt ttcactctcc ttctac 36 



<210> SEQ ID NO 94 

<211> LENGTH: 21 

<212> TYPE : DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 00> SEQUENCE: 94 

gtcaaaacat acgctcttat c 21 



<210> SEQ ID NO 95 
<211> LENGTH: 24 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 
<400> SEQUENCE: 9 5 

acataatcag tccaaagtag atgc 24 



<210> SEQ ID NO 96 

<211> LENGTH: 24 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Codon -optimized sequence 



<400> SEQUENCE: 96 
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gattataaag atgatgatga taaa 



24 



<210> SEQ ID NO 97 
<211> LENGTH: 8 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic epitope tag 

<400> SEQUENCE: 97 

Asp Tyr Lya Asp Asp Asp Asp Lys 
1 5 



<210> SEQ ID NO 98 

<211> LENGTH: 30 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Codon-optimized sequence 

<400> SEQUENCE: 98 

gaacaaaaat taattagtga agaagattta 30 



<210> SEQ ID NO 99 

<211> LENGTH: 10 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 00> SEQUENCE: 9 9 

Glu Gin Lys Leu He Ser Glu Glu Asp Leu 
1 5 10 



<210> SEQ ID NO 100 

<211> LENGTH: 12 

<212> TYPE: PRT 

<213> ORGANISM: Listeria monocytogenes 

<400> SEQUENCE: 100 

Asn Glu Lys Tyr Ala Gin Ala Tyr Pro Asn Val Ser 
1 5 10 



<210> SEQ ID NO 101 
<211> LENGTH : 9 
<212> TYPE: PRT 

<213> ORGANISM: Listeria monocytogenes 

<400> SEQUENCE : 101 

Val Ala Tyr Gly Arg Gin Val Tyr Leu 
1 5 



<210> SEQ ID NO 102 
<211> LENGTH: 9 
<212> TYPE: PRT 

<213> ORGANISM: Listeria monocytogenes 
<4 00> SEQUENCE: 102 

Gly Tyr Lys Asp Gly Asn Glu Tyr He 
1 5 



<210> SEQ ID NO 103 
<211> LENGTH: 25 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
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<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 



<400> SEQUENCE: 103 



gttaagtttc atgtggacgg caaag 



25 



<210> SEQ ID NO 104 



<211> LENGTH: 42 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION : PCR primer 

<400> SEQUENCE: 104 

aggtcttttt cagttaacta tcctctcctt gattctagtt at 42 



<210> SEQ ID NO 105 

<211> LENGTH: 43 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<400> SEQUENCE: 105 

caaggagagg atagttaact gaaaaagacc taaaaaagaa ggc 4 3 



<210> SEQ ID NO 106 

<211> LENGTH: 26 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<2 2 3> OTHER INFORMATION: PCR primer 

<400> SEQUENCE: 106 

tcccctgttc ctataattgt tagctc 26 



<210> SEQ ID NO 107 

<211> LENGTH: 25 

<212> TYPE: DNA 

<213> ORGANISM : Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<400> SEQUENCE: 107 

gtggacggca aagaaacaac caaag 25 



<210> SEQ ID NO 108 

<211> LENGTH: 29 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 00> SEQUENCE 5 108 

gttcctataa ttgttagctc atttttttc 29 



<210> SEQ ID NO 109 

<211> LENGTH: 59 

<212> TYPE: PRT 

<213> ORGANISM: Listeria monocytogenes 

<400> SEQUENCE: 109 



Met Lys Lys lie Met Leu Val Phe He Thr Leu He Leu Val Ser Leu 
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i 



5 



10 



15 



Pro lie Ala Gin Gin 
20 



Thr Glu Ala Lys Asp Ala Ser Ala Phe Asn Lys 
25 30 



Glu Asn Ser lie Ser 
35 



Ser Met Ala Pro Pro Ala Ser Pro Pro Ala Ser 
40 45 



Pro Lys Thr Pro lie 
50 



Glu Lys Lys His Ala Asp 
55 



<210> SEQ ID NO 110 
<211> LENGTH: 177 
<212> TYPE: DNA 

<213> ORGANISM: Listeria monocytogenes 
<400> SEQUENCE: 110 

atgaaaaaaa taatgctagt ttttattaca cttatattag ttagtctacc aattgcgcaa 60 
caaactgaag caaaggatgc atctgcattc aataaagaaa attcaatttc atccatggca 120 
ccaccagcat ctccgcctgc aagtcctaag acgccaatcg aaaagaaaca cgcggat 177 



<210> SEQ ID NO 111 
<211> LENGTH: 93 
<212> TYPE: DNA 

<213> ORGANISM: Bacillus anthracis 
<4 00> SEQUENCE: 111 

atgaaaaaac gaaaagtgtt aataccatta atggcattgt ctacgatatt agtttcaagc 60 
acaggtaatt tagaggtgat tcaggcagaa gtt 9 3 



<210> SEQ ID NO 112 

<211> LENGTH: 156 1 
<212> TYPE : DNA 

<213> ORGANISM: Bacillus subtilis 
<4 00> SEQUENCE: 112 

atggcatacg acagtcgttt tgatgaatgg gtacagaaac tgaaagagga aagctttcaa 60 
aacaatacgt ttgaccgccg caaatttatt caaggagcgg ggaagattgc aggactttct 120 
cttggattaa cgattgccca gtcggttggg gccttt 156 



<210> SEQ ID NO 113 
<211> LENGTH: 177 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Codon-optimized sequence 
<4 00> SEQUENCE: 113 

atgaaaaaaa ttatgttagt ttttattaca ttaattttag ttagtttacc aattgcacaa 60 
caaacagaag caaaagatgc aagtgcattt aataaagaaa atagtattag tagtatggca 120 
ccaccagcaa gtccaccagc aagtccaaaa acaccaattg aaaaaaaaca tgcagat 17 7 



<210> SEQ ID NO 114 

<211> LENGTH : 93 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Codon-optiraized sequence 



<4 00> SEQUENCE: 114 
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-continued 



atgaaaaaac gtaaagtttt aattccatta atggcattaa gtacaatttt agttagtagt 60 
acaggtaatt tagaagttat tcaagcagaa gtt 93 

<210> SEQ ID NO 115 
<211> LENGTH: 156 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Codon-optimized sequence 
<400> SEQUENCE: 115 

atggcatatg atagtcgttt tgatgaatgg gttcaaaaat taaaagaaga aagttttcaa 60 
aataatacat ttgatcgtcg taaatttatt caaggtgcag gtaaaattgc aggtttaagt 120 
ttaggtttaa caattgcaca aagtgttggt gcattt 156 



<210> SEQ ID NO 116 
<211> LENGTH: 70 
<212> TYPE: PRT 

<213> ORGANISM: Listeria monocytogenes 
<4 00> SEQUENCE: 116 

Met Asn Met Lys Lys Ala Thr He Ala Ala Thr Ala Gly He Ala Val 
15 10 15 

Thr Ala Phe Ala Ala Pro Thr He Ala Ser Ala Ser Thr Val Val Val 
20 25 30 

Glu Ala Gly Asp Thr Leu Trp Gly He Ala Gin Ser Lys Gly Thr Thr 
35 40 45 

Val Asp Ala He Lys Lys Ala Asn Asn Leu Thr Thr Asp Lys He Val 
50 55 60 

Pro Gly Gin Lys Leu Gin 
65 70 



<210> SEQ ID NO 117 

<211> LENGTH: 28 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<400> SEQUENCE: 117 
cgcctgcagg taaataatga ggttgctg 

<210> SEQ ID NO 118 

<211> LENGTH: 29 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 00> SEQUENCE: 118 

cgcggatcct taattatacg cgaccgaag 



<210> SEQ ID NO 119 

<211> LENGTH: 29 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 
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-continued 



<400> SEQUENCE: 119 



aaactgcagg cattgccaac tgcacgtcc 



29 



<210> SEQ ID NO 120 

<211> LENGTH: 40 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 

<4 00> SEQUENCE: 120 

aaactgcaga gctaatgtac tggctaataa taatgctaac 40 



<210> SEQ ID NO 121 
<211> LENGTH: 32 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: PCR primer 
<400> SEQUENCE: 121 

cgcctgcagc gtacattagc aggtgaaaca gg 32 



<210> SEQ ID NO 122 

<211> LENGTH: 36 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE : 

<223> OTHER INFORMATION: PCR primer 

<4 00> SEQUENCE: 122 

cgcctgcagg ccttgtaaac ctaaacctaa tgtatc 36 



<210> SEQ ID NO 123 

<211> LENGTH: 8 

<212> TYPE: PRT 

<213> ORGANISM: Gallus gallus 

<4 00> SEQUENCE: 123 

Ser He He Asn Phe Glu Lys Leu 
1 5 



<210> SEQ ID NO 124 

<211> LENGTH: 8 

<212> TYPE: PRT 

<213> ORGANISM: Herpes simplex virus 

<4 00> SEQUENCE: 124 

Ser Ser He Glu Phe Ala Arg Leu 
1 5 



<210> SEQ ID NO 125 
<211> LENGTH: 17 
<212> TYPE: RNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Consensus sequence 
<220> FEATURE: 

<221> NAME/KEY: misc.feature 

<222> LOCATION: 1, 9, 10, 11, 12, 13, 14 

<223> OTHER INFORMATION: n - A,U,C or G 



<400> SEQUENCE: 125 
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-continued 

naggaggunn nnnnaug 17 

<210> SEQ ID NO 126 
<211> LENGTH: 18 
<212> TYPE: RNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE : 

<223> OTHER INFORMATION: Consensus sequence 
<220> FEATURE: 

<221> NAME /KEY: misc_f eature 

<222> LOCATION: 1, 9, 10, 11, 12, 13, 14, 15 
<223> OTHER INFORMATION: n => A,U,C or G 

<4 00> SEQUENCE: 126 

naggaggunn nnnnnaug 18 

<210> SEQ ID NO 127 
<211> LENGTH: 19 
<212> TYPE: RNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Consensus sequence 
<220> FEATURE: 

<221> NAME /KEY : misc_f eature 

<222> LOCATION: 1, 9, 10, 11, 12, 13, 14, 15, 16 
<223> OTHER INFORMATION: n - A,U,C or G 

<400> SEQUENCE: 127 

naggaggunn nnnnnnaug 19 

<210> SEQ ID NO 128 
<211> LENGTH: 20 
<212> TYPE: RNA 

<213> ORGANISM: Artificial Sequence 
<2 20> FEATURE: 

<223> OTHER INFORMATION: Consensus sequence 
<220> FEATURE: 

<221> NAME /KEY : misc_£ eature 

<222> LOCATION: 1, 9, 10, 11, 12, 13, 14, 15, 16, 17 
<223> OTHER INFORMATION: n = A,U,C or G 

<4 00> SEQUENCE: 128 

naggaggunn nnnnnnnaug 20 

<210> SEQ ID NO 129 
<211> LENGTH: 21 
<212> TYPE: RNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Consensus sequence 
<220> FEATURE: 

<221> NAME /KEY : misc_£eature 

<222> LOCATION: 1, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18 
<2 23> OTHER INFORMATION: n = A,U,C or G 

<400> SEQUENCE: 129 

naggaggunn nnnnnnnnau g 21 

We claim: wherein the recombinant nucleic acid molecule encodes a 

1. A recombinant nucleic acid molecule, comprising: fusion protein comprising the signal peptide and the 

(a) a first polynucleotide encoding a signal peptide native polypeptide. 

to a bacterium, wherein the first polynucleotide is 2 Thc recombinant nucleic acid molecule of claim 1, 

codon-optimized for expression in the bacterium; and wherein (he bacterium is a Listeria bact erium. 

(b) a second polynucleotide encoding a polypeptide, 



wherein the second polynucleotide is in the same 
translational reading frame as the first polynucleotide, 
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3. The recombinant nucleic acid molecule of claim 1, 
wherein the polypeptide encoded by the second polynucle- 
otide comprises an antigen selected from the group consist- 
ing of a tumor-associated antigen, a polypeptide derived 
from a tumor-associated antigen, an infectious disease anti- 
gen, and a polypeptide derived from an infectious disease 
antigen. 

4. The recombinant nucleic acid molecule of claim 1, 
wherein the polypeptide encoded by the second polynucle- 
otide is heterologous to the signal peptide, foreign to the 
bacterium, or both. 

5. The recombinant nucleic acid molecule of claim 1, 
wherein the signal peptide is an IXO signal peptide from 
Listeria monocytogenes or is a p60 signal peptide from 
Listeria monocytogenes. 

6. An expression cassette comprising the recombinant 
nucleic acid molecule of claim 1, further comprising a 
promoter operably linked to the first and second polynucle- 
otides of the recombinant nucleic acid molecule. 

7. A recombinant bacterium comprising the recombinant 
nucleic acid molecule of claim 1, wherein the first poly- 
nucleotide is codon-oplimized for expression in the recom- 
binant bacterium. 

8. A method of inducing an immune response in a host to 
an antigen comprising administering to the host an effective 
amount of a composition comprising the recombinant bac- 
terium of claim 7, wherein the polypeptide encoded by the 
second polynucleotide comprises the antigen. 

9. A recombinant Listeria bacterium comprising a recom- 
binant nucleic acid molecule, wherein the recombinant 
nucleic acid molecule comprises: 

(a) a first polynucleotide encoding a signal peptide, 
wherein the first polynucleotide is codon-optimi/.ed for 
expression in a Listeria bacterium; and 

(b) a second polynucleotide encoding a polypeptide, 
wherein the second polynucleotide is in the same 
translational reading frame as the first polynucleotide, 

wherein the recombinant nucleic acid molecule encodes a 
fusion protein comprising the signal peptide and the 
polypeptide. 

10. The recombinant Listeria bacterium of claim 9, which 
comprises an expression cassette comprising the recombi- 
nant nucleic acid molecule, wherein the expression cassette 
further comprises a promoter operably linked to both the 
first and second polynucleotides of the recombinant nucleic 
acid molecule. 

11. The recombinant Listeria bacterium of claim 9, 
wherein the Listeria bacterium belongs to the species List- 
eria monocytogenes. 

12. I*he recombinant Listeria bacterium of claim 9, 
wherein the polypeptide encoded by the second polynucle- 
otide comprises an antigen selected from the group consist- 
ing of a tumor-associated antigen, a polypeptide derived 
from a tumor-associated antigen, an infectious disease anti- 
gen, and a polypeptide derived from an infectious disease 
antigen. 

13. The recombinant Listeria bacterium of claim 12, 
wherein the polypeptide encoded by the second polynucle- 
otide comprises an antigen selected from the group consist- 
ing of K-Ras, H-Ras, N-Ras, 12-K-Ras, mcsothclin, PSCA, 
NY-ESO-1, WT-1, survivin, gplOO, PAP, proteinase 3, 
SPAS-1, SP-17, PAGE-4, TARP, and CEA, or comprises a 
polypeptide derived from an antigen selected from the group 



consisting of K-Ras, H-Ras, N-Ras, 12-K-Ras, mesothelin, 
PSCA, NY-ESO-1, WT-1, survivin, gplOO, PAP, proteinase 
3, SPAS-1, SP-17, PAGE-4, TARP, and CEA 

14. The recombinant Listeria bacterium of claim 13, 
wherein the polypeptide encoded by the second polynucle- 
otide comprises mesothelin, or an antigenic fragment or 
antigenic variant thereof, or comprises NY-ESO-1, or an 
antigenic fragment or antigenic variant thereof. 

15. The recombinant Listeria bacterium of claim 14, 
wherein the polypeptide encoded by the second polynucle- 
otide comprises human mesothelin deleted of its signal 
peptide and GP1 linker domain. 

16. I*he recombinant Listeria bacterium of claim 9, 
wherein the polypeptide encoded by the second polynucle- 
otide is heterologous to the signal peptide. 

17. The recombinant Listeria bacterium of claim 9, 
wherein the signal peptide is foreign to the Listeria bacte- 
rium. 

18. The recombinant Listeria bacterium of claim 9, 
wherein the signal peptide is native to the Listeria bacte- 
rium. 

19. The recombinant Listeria bacterium of claim 9, 
wherein the signal peptide is a signal peptide selected from 
the group consisting of an LLO signal peptide from Listeria 
monocytogenes, a Usp45 signal peptide from Lactococcits 
lactis, a Protective Antigen signal peptide from Bacillus 
anthracis, a p60 signal peptide from Listeria monocytoge- 
nes, and a PhoD signal peptide from B. subtilis. 

20. The recombinant Listeria bacterium of claim 9, which 
is attenuated for cell-to-cell spread, entry into non -phago- 
cytic cells, or proliferation. 

21. The recombinant Listeria bacterium of claim 9, which 
is deficient with respect to Act A, Internaiin B, or both Act A 
and Internaiin B. 

22. The recombinant Listeria bacterium of claim 9, 
wherein the nucleic acid of the recombinant bacterium has 
been modified by reaction with a nucleic acid targeting 
compound. 

23. An immunogenic composition or vaccine comprising 
the recombinant Listeria bacterium of claim 9. 

24. A method of inducing an immune response in a host 
to an antigen comprising administering to the host an 
effective amount of a composition comprising the recombi- 
nant Listeria bacterium of claim 9, wherein the polypeptide 
encoded by the second polynucleotide comprises the anti- 
gen. 

25. A method of preventing or treating a condition in a 
host comprising administering to the host an effective 
amount of a composition comprising the recombinant List- 
eria bacterium of claim 9. 

26. A recombinant nucleic acid molecule, comprising: 

(a) a first polynucleotide encoding a non-sec A 1 bacterial 
signal peptide; and 

(b) a second polynucleotide encoding a polypeptide het- 
erologous to the signal peptide, 

wherein the second polynucleotide is in the same trans- 
lational reading frame as the first polynucleotide, and 

wherein the recombinant nucleic acid molecule encodes a 
fusion protein comprising the signal peptide and the 
polypeptide. 

27. The recombinant nucleic acid molecule of claim 26, 
wherein the first polynucleotide, the second polynucleotide, 
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or both the first and second polynucleotides are codon- 
optimized for expression in a bacterium. 

28. The recombinant nucleic acid molecule of claim 26, 
wherein the signal peptide is a Listerial signal peptide. 

29. The recombinant nucleic acid molecule of claim 26, 
wherein the signal peptide is a secA2 signal peptide or a Tat 
signal peptide. 

30. The recombinant nucleic acid molecule of claim 26, 
wherein the signal peptide is a p60 signal peptide from 
Listeria monocytogenes or is a phoD signal peptide from /?. 
subtilis. 

31. I*he recombinant nucleic acid molecule of claim 26, 
wherein the polypeptide encoded by the second polynucle- 
otide comprises an antigen selected from the group consist- 
ing of a tumor-associated antigen, a polypeptide derived 
from a tumor-associated antigen, an infectious disease anti- 
gen, and a polypeptide derived from an infectious disease 
antigen. 

32. An expression cassette comprising the recombinant 
nucleic acid molecule of claim 26, further comprising a 
promoter opcrably linked to the first and second polynucle- 
otides of the recombinant nucleic acid molecule. 

33. A recombinant bacterium comprising the recombinant 
nucleic acid molecule of claim 26. 

34. The recombinant bacterium of claim 33, which is a 
Listeria bacterium. 

35. A method of inducing an immune response in a host 
to an antigen comprising administering to the host an 
effective amount of a composition comprising the recombi- 
nant bacterium of claim 33, wherein the polypeptide 
encoded by the second polynucleotide comprises the anti- 
gen. 

36. A recombinant Listeria bacterium comprising a 
recombinant nucleic acid molecule, wherein the recombi- 
nant nucleic acid molecule comprises: 

(a) a first polynucleotide encoding a non-secAl bacterial 
signal peptide; and 

(b) a second polynucleotide encoding a polypeptide which 
is heterologous to the signal peptide or is foreign to the 
bacterium, or both, wherein the second polynucleotide 
is in the same translational reading frame as the first 
polynucleotide; 

wherein the recombinant nucleic acid molecule encodes a 
fusion protein comprising the signal peptide and the 
polypeptide. 

37. The recombinant Listeria bacterium of claim 36, 
which comprises an expression cassette comprising the 
recombinant nucleic acid molecule, wherein the expression 
cassette further comprises a promoter operably linked to 
both the first and second polynucleotides of the recombinant 
nucleic acid molecule, 

38. The recombinant Listeria bacterium of claim 36, 
wherein the first polynucleotide, the second polynucleotide, 
or both the first and second polynucleotide are codon- 
optimized for expression in the Listeria bacterium. 

39. The recombinant Listeria bacterium of claim 36, 
wherein the bacterium belongs to the species Listeria mono- 
cytogenes. 

40. The recombinant Listeria bacterium of claim 36, 
wherein the non-secAl signal peptide is a non-Listerial 
signal peptide. 



41. The recombinant Listeria bacterium of claim 36, 
wherein the non-secAl signal peptide is a Listerial signal 
peptide. 

42. 'llie recombinant Listeria bacterium of claim 36, 
wherein the signal peptide is a secA2 signal peptide. 

43. The recombinant Listeria of claim 42, wherein the 
recombinant nucleic acid molecule further comprises: 

(c) a third polynucleotide encoding a secA2 autolysin, or 
a fragment thereof, in the same translational reading 
frame as the first and second polynucleotides, wherein 
the second polynucleotide is positioned within the third 
polynucleotide or between the first and third polynucle- 
otides. 

44. The recombinant Listeria bacterium of claim 36, 
wherein the signal peptide is a Tat signal peptide. 

45. The recombinant Usteria bacterium of claim 36, 
wherein the signal peptide is a PhoD signal peptide from B. 
subtilis or is a p60 signal peptide from Listeria monocyto- 
genes. 

46. The recombinant Listeria bacterium of claim 36, 
wherein the polypeptide encoded by the second polynucle- 
otide comprises an antigen selected from the group consist- 
ing of a tumor-associated antigen, a polypeptide derived 
from a tumor- associated antigen, an infectious disease anti- 
gen, and a polypeptide derived from an infectious disease 
antigen. 

47. The recombinant Listeria bacterium of claim 46, 
wherein the polypeptide encoded by the second polynucle- 
otide comprises an antigen selected from the group consist- 
ing of K-Ras, H-Ras, N-Ras, 12-K-Ras, mesothelin, PSCA, 
NY-ESO-1, W'i-1, survivin, gpl()0, PAP, proteinase 3, 
SPAS-1, SP-17, PAGE-4, TARP, and CEA, or comprises a 
polypeptide derived from an antigen selected from the group 
consisting of K-Ras, H-Ras, N-Ras, 12-K-Ras, mesothelin, 
PSCA, NY-ESO-1, WT-1, survivin, gplOO, PAP, proteinase 
3, SPAS-1, SP-17, PAC.E-4, TARP, and CEA. 

48. The recombinant Listeria bacterium of claim 47, 
wherein the polypeptide encoded by the second polynucle- 
otide comprises mesothelin, or an antigenic fragment or 
antigenic variant thereof. 

49. The recombinant Listeria bacterium of claim 48, 
wherein the polypeptide encoded by the second polynucle- 
otide comprises human mesothelin deleted of its signal 
peptide and GP1 anchor. 

50. The recombinant Listeria bacterium of claim 36, 
which is attenuated for cell-to-cell spread, entry into non- 
phagocytic cells, or proliferation. 

51. The recombinant Listeria bacterium of claim 36, 
which is deficient with respect to Act A, Internal] n H, or both 
ActA and Internalin B. 

52. The recombinant Listeria bacterium of claim 36, 
wherein the nucleic acid of the recombinant bacterium has 
been modified by reaction with a nucleic acid targeting 
compound. 

53. An immunogenic composition or vaccine comprising 
the recombinant Listeria bacterium of claim 36. 

54. A method of inducing an immune response in a host 
to an antigen comprising administering to the host an 
effective amount of a composition comprising the recombi- 
nant Listeria bacterium of claim 36, wherein the polypeptide 
encoded by the second polynucleotide comprises the anti- 
gen. 
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55. A method of preventing or treating a condition in a 
host comprising administering to the host an effective 
amount of a composition comprising the recombinant List- 
eria bacterium of claim 36. 

56. A recombinant Listeria bacterium comprising a 
recombinant nucleic acid molecule, wherein the recombi- 
nant nucleic acid molecule comprises: 

(a) a first polynucleotide encoding a non-Listerial signal 
peptide; and 

(b) a second polynucleotide encoding a polypeptide that is 
in the same translational reading frame as the first 
polynucleotide, 

wherein the recombinant nucleic acid molecule encodes a 
fusion protein comprising both the non-Listerial signal 
peptide and the polypeptide. 

57. The recombinant Listeria bacterium of claim 56, 
which comprises an expression cassette comprising the 
recombinant nucleic acid molecule, wherein the expression 
cassette further comprises a promoter operably linked to 
both the first and second polynucleotides of the recombinant 
nucleic acid molecule. 

58. The recombinant Listeria bacterium of claim 56, 
wherein the first polynucleotide, the second polynucleotide, 
or both the first and second polynucleotides are codon- 
optimized for expression in the Listeria bacterium. 

59. The recombinant Listeria bacterium of claim 56, 
w lie re in the bacterium is Listeria monocytogenes. 

60. ITie recombinant Listeria bacterium of claim 56, 
wherein the signal peptide is bacterial. 

61. The recombinant Listeria bacterium of claim 60, 
wherein the signal peptide is derived from a gram positive 
bacterium. 

62. The recombinant Listeria bacterium of claim 61, 
wherein the signal peptide is derived from a bacterium 
belonging to the genus Bacillus, Staphylococcus, or Lacto- 
coccus. 

63. The recombinant Listeria bacterium of claim 62, 
wherein the signal peptide is a signal peptide selected from 
the group consisting of a Usp45 signal peptide from Lac- 
tococcus lactis, a Protective Antigen signal peptide from 
Bacillus ant/iraciSj and a PhoD signal peptide from Bacillus 
subtilis. 

64. The recombinant Listeria bacterium of claim 56, 
wherein the polypeptide encoded by the second polynucle- 
otide comprises an antigen selected from the group consist- 
ing of a tumor-associated antigen, a polypeptide derived 
from a tumor-associated antigen, an infectious disease anti- 
gen, and a polypeptide derived from an infectious disease 
antigen. 

65. 'ITie recombinant Listeria bacterium of claim 64, 
wherein the polypeptide encoded by the second polynucle- 
otide comprises an antigen selected from the group consist- 
ing of K-Ras, H-Ras, N-Ras, 12-K-Ras, mesothelin, PSCA, 
NY-ESO-1, WT-1, survivin, gplOO, PAP, proteinase 3, 
SPAS-1, SP-17, PAGE-4, TARP, and CEA, or comprises a 
polypeptide derived from an antigen selected from the group 
consisting of K-Ras, H-Ras, N-Ras, 12-K-Ras, mesothelin, 
PSCA, NY-ESO-1, WT-1, survivin, gplOO, PAP, proteinase 
3, SPAS-1, SP-17, PAGE-4, TARP, and CEA. 

66. The recombinant Listeria bacterium of claim 65, 
wherein the polypeptide encoded by the second polynucle- 
otide comprises mesothelin, or an antigenic fragment or 
antigenic variant thereof. 



67. The recombinant Listeria bacterium of claim 66, 
wherein the polypeptide encoded by the second polynucle- 
otide comprises human mesothelin deleted of its signal 
peptide and GPI anchor. 

68. The recombinant Listeria bacterium of claim 56, 
which is attenuated for ccll-to-ccll spread, entry into non- 
phagocytic cells, or proliferation. 

69. The recombinant Listeria bacterium of claim 56, 
which is deficient with respect to ActA, Internalin B, or both 
AclA and Internalin B. 

70. The recombinant Listeria bacterium of claim 56, 
wherein the nucleic acid of the recombinant bacterium has 
been modified by reaction with a nucleic acid targeting 
compound. 

71. An immunogenic composition or vaccine comprising 
the recombinant Listeria bacterium of claim 56. 

72. A method of inducing an immune response in a host 
to an antigen comprising administering to the host an 
effective amount of a composition comprising the recombi- 
nant Listeria bacterium of claim 56, wherein the polypeptide 
encoded by the second polynucleotide comprises the anti- 
gen. 

73. A method of preventing or treating a condition in a 
host comprising administering to the host an effective 
amount of a composition comprising the recombinant List- 
eria bacterium of claim 56. 

74. A recombinant nucleic acid molecule, comprising: 

(a) a first polynucleotide encoding a bacterial autolysin, or 
a catalytically active fragment or catalytically active 
variant thereof; and 

(b) a second polynucleotide encoding a polypeptide het- 
erologous to the bacterial autolysin, wherein the second 
polynucleotide is in the same translational reading 
frame as the first polynucleotide, 

wherein the recombinant nucleic acid molecule encodes a 
protein chimera comprising the polypeptide encoded 
by the second polynucleotide and the autolysin, or 
catalytically active fragment or catalytically active 
variant thereof, wherein in the protein chimera the 
polypeptide is fused to the autolysin, or catalytically 
active fragment or catalytically active variant thereof, 
or is positioned within the autolysin, or catalytically 
active fragment or catalytically active variant thereof. 

75. A recombinant bacterium comprising the recombinant 
nucleic acid molecule of claim 74. 

76. A method of inducing an immune response in a host 
to an antigen comprising administering to the host an 
effective amount of a composition comprising the recombi- 
nant bacterium of claim 75, wherein the polypeptide 
encoded by the second polynucleotide comprises the anti- 
gen. 

77. A recombinant Listeria bacterium comprising a poly- 
cistronic expression cassette, wherein the polycistronic 
expression cassette encodes at least two discrete non-List- 
erial polypeptides. 

78. A method of inducing an immune response in a host 
to an antigen comprising administering to the host an 
effective amount of a composition comprising the recombi- 
nant Listeria bacterium of claim 77, wherein at least one of 
the non-Listerial polypeptides encoded by the polycistronic 
expression cassette comprises the antigen. 
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79. A recombinant Listeria bacterium comprising a 
recombinant nucleic acid molecule, wherein the recombi- 
nant nucleic acid molecule comprises a polynucleotide 
encoding a polypeptide foreign to the Listeria bacterium, 
wherein the polynucleotide is codon-optimized for expres- 
sion in Listeria. 

80. A method of inducing an immune response in a host 
to an antigen comprising administering to the host an 
effective amount of a composition comprising the recombi- 
nant Listeria bacterium of claim 79, wherein the foreign 
polypeptide comprises the antigen. 

81. A recombinant nucleic acid molecule, comprising: 

(a) a first polynucleotide encoding a signal peptide; 

(b) a second polynucleotide encoding a secreted protein, 
or a fragment thereof, wherein the second polynucle- 
otide is in the same translational reading frame as the 
first polynucleotide; and 

(c) a third polynucleotide encoding a polypeptide heter- 
ologous to the secreted protein, or fragment thereof, 



wherein the third polynucleotide is in the same trans- 
lational reading frame as the first and second poly- 
nucleotides, 

wherein the recombinant nucleic acid molecule encodes a 
protein chimera comprising the signal peptide, the 
polypeptide encoded by the third polynucleotide, and 
the secreted protein, or fragment thereof, and wherein 
the polypeptide encoded by the third polynucleotide is 
fused to the secreted protein, or fragment thereof, or is 
positioned within the secreted protein, or fragment 
thereof, in the protein chimera. 

82. A recombinant bacterium comprising the recombinant 
nucleic acid molecule of claim 81. 

83. A method of inducing an immune response in a host 
to an antigen comprising administering to the host an 
effective amount of a composition comprising the recombi- 
nant bacterium of claim 82, wherein the polypeptide 
encoded by the third polynucleotide comprises the antigen. 

***** 



EXHIBIT 6 



2 w ° 

<D C re 

a) c 

log 

LU CO "o 

w S £ 

cu <- ro 

<D O «S 

o = o 

2 £ c 

C J- Q_ 



- S> o 



. CL 



O 

03 CO 
CD -p 



cm v: 

CD CO 

CD c 

m= (D 

03 _Q 



- Q 



c E 



CD C 
_C 03 

03 - 



T3 = 
CD Q) 

LL 

o ■ 
o < 

CD 

to 



ri 0 

cm ~ Lu 

CD 



o 

<0 



< 



c 

CO 

E 

3 



"D 

0 

15 .<S 
o o 
E o 

o CO 



CO 

^ E 
0 o 



o .E 



CD 



CD v_ 



C 

2 
CD 
O 



O) 

§ o 



o 

3 



O 
c 



CD 
O 
3 
"D 
C 



O T 



13 



O 
O 

c 

CD 

c 

"2 
-*— < 

CO 
CD 

c 

o 
o 

CD 

> w 

<r*> rn fc CD 



CO 
CD 
C 
CD 
D) 

I 

O 

c: 
o 

■2 

CD 
.CO 



2 CD 

o .£ 

O q3 

co £ 

E ° 

CD g 

-Q ■ 

_ CD 

(D C 

Q. O 

o c 

CD O 

2> CD 

CD CD 

-Q > 

CO ° 

— T3 



CD 
CD 



CD 
Q. 



i 

CD 
C 

o 
o 

CD 
> 



CD ■ 
CO 

CO c 

E CD 
o ±= 

-C CO 

c p 

CD *3 
CD 

o e- 

o c 

CM 5 



C 
CD 

S c 

o o 

CD o) 

i2 CD 

C "D 

CD C 

C 3 

E 

CD c 
<D 



w "5, s < 
ft 4; i- = < 



CD CO ^ 

^? 

■2 CD 
CD £> 
o CD 



— : CD 
CD SZ 



c 

CD 
O 



a> E 



0 2 



CD 



D) 



CD 0 
Q. 
O 



0 

o o 
o 

c c 

0 0 

E CD 

> "CD 
0 



O O 



M- .C Q 



O) CD 



O 



0 

c 

E 
E 



O CD 
CO m 

0 C- 

1 = 

CQ Q- 

< i 

o o 

CD 0 

< iff 

SI 



£ 

o 
k_ 

a. 

CD 
0 



0 
-♦— < 

CD 

C 

0 

> 

"CO 
i 

0 
> 

CD 
CO 



O 
CNI 

CO 
O 



— u 

<D .2 

+-> CO 

O 13 

s 5 



CO o 
CD O 

2 CO 

si g 

" CD 

o 2 ^ 
•- o o 

W CD 

"D CO « 

0 CD -O 

CO ^ o 
(0 Q.*' 

a. — £ 

x CD o 

0 0 .c 

>* c " 
S 

O CO 0 

-° CO 
CO E ) CD 

O -c 

CD 0 C 

£ co = 

CD ^ 

.2> p co 

= 2 -i 

CD i: ^ 



0 

0 > 

C 0 

0 "O 

-° CO 

C § 

0 > 

CD o 
Q-CN 

£ co 

0 c 

0 — 

o £ 

o o 

c w 

0 ^ 

0 s 

0 
> 
CD 



C 

g 

CO 

CO CO 

0 £ 

I- LU 



"S co 

8 § 

CO c 
(1) CD 

c CO 

0 — 

O) o 

o 2 

O Dl 
co O 

Is 

-D 2 

2 o 

0 «o 

<D < 

co -a 

CD ^ 
CQ 



E> 

2 CO 

0 0 

2 CD 

■o co 
c to 

CD 0 

^E 

3 



6 a) « ~ o ^ ^ ^ ;= 



13 CD 
to £ 

o 



c 

o 

CD 
O 



c 
p 

CD 
O 
CO t= 

«p-| 

0 

CO co 

o ^ 

CD 

0 C 
CO — 
CD C 

£•2 

■ £ 

C CO 

1"S 



CD 

c 



0 O O 0 

U= o o 

0 CM " 



CD 
> 
0 

"CD 

O 



CO 
3 
O 

c 
0 
> 

CD 



E o - 



C ^3 



o 

0 

o 

Q. 
Q. 

< 

T3 
C 
0 

c 

o 

mmm 

o 
o 



c 

• mm 

0 
o 

(0 
0 



c c 
g 10 

CD CD 
c tf) 

o V 

0 Tt 

1 ■ • 

0 o> 

So" 

c ^ 

'o o 

sa 

O _: 
CO 

(D *J 
£. 0 

O 

C <D 
03 0) 



^ LL CO 

w (0 o 

^ 05 
CO (5 CM 

.E c o 

.-.^ CM 

0 o -d 



0 
CO 
-Q 
O 



.E S 
£ 5^ 

O — ^ 

3 o o 
o 0 eg 

75 o ^"T 
.9 -£ 0 
E > +j 
15 .2 © 

o c £ 
> *r 0 

go o 
Q- co I — 



0 

c 

o 
o 

CO 

> 

CD 

CO 

O 

"D 
i 

O) 



0 
> 

O) 

CO 
•»— ' 

CD 
"-»— > 
CO 
CL 

00 

o 

CO 



£ 
0 
CO 
-Q 
O 

0 
CO 

c 
o 

Q. 

CO 
0 



Q 



CO 
CO 

o 
c 

D) 
CO 

■o 

CO 
O 
Q. 

CO 
i— 

CO 

0 



C 
CO 



0 
"co 

D) 

0 
0 



O 

E 



2 
o 
> 

CO <j 

E -o 

t c o 

0 co £ 

c < .c 

— cm" CO 

.£ i o 

> <o E 

C 0) 3 

O Q- 

$ | 9 

CO o c 



O 
Q. 



Q. 

CO 



CO < 
2> d 



c 

n CO 

O 0 .> 

0 o — 

Q-co m 

CO o 0 

kL r* 0 

8 x * 



CO 



0 CO 0 

O CO O 

h 2 h 

u CO 0 

o c "o 

0 0 0 

QL 0 Q. 

to CO <o 

r « c 

:= 0 := 

0 g. 0 

£ o 5 

O Q_ O 

CO co co 

0 0 0 

^ a: ^ 



CO 

E 
o 
c 

CO 

o 
o 

CO 
0 

o 
c 

CO 
Q. 



0 
S> 

0 
0 



E 

■o E 

£ 0 
0 -~ 

0 1 
^ > 

c 0 

3 0 

If 

3 8 

o 0 



S 

CO 
0 

c 

0 

I 

o 
c 
o 

* 

S2 
-4 



"D 

0 



8" 

0 

T3 
C 
0 



E 
E 



0 



£ « -55 



o "o 
_~ 0 

3 J2 

0 O 

0 2 



0 0 

■£ c 

0 0 

E O) 



TJ CD 
0 

O 0 

-I 

■— o 

0 o 
c »- 

CJ -1— « 

o 0 

0 -C 
c © 

0 

"K 0 
O O 

Q- C 

O <» 
i_ 

0 £ 

E o 
t 0 

& CO 

Q-.-t=: 
i_ c 

?.i 

51 

■■8 -V 
2 + 

m 00 
0g 

So 

co + 
— "^t 

p a 
5o 



0 
CO 

a <= 

S eS 

0 E > 
-° o -V 

0 T5 
> 0 = 
Q. > 

0 3 
c 



0 

CO 



3 
"D 
0 
■*-• 
0 
O 



s £ 

O 0 

0 Q. 

0 



C 42 

e 0 T3 

€ i 

•- 0 



0 
0 



c =-2 

§> col 
0 So 

Q. <0 

0 <r 

c - - 



o 

1 

o 

.0 



o 

0 



CO 

0 



CO 



co" <P 



"5 0 



o o 



O E 



3 . 

D" 0 

3 0 

0 > 



0 
0 



CO 
■^1 



0 
O 
C 
0 



0 
o 

0 
3 

D" 



O 
CO 
0 0 

c 8 

gi 
^ 0 

^ ° 

0 O 

CO }= 

.E o 
0 — 

*- ^ 

0 0 

SI -O 

r 0 



2 

o i= 



0 

0 § 

.E 

o 0 
o o 
0 o 

>o 

QQ eg 

•S 0 

*r CO 

O 0 
co 

< 0 
c: "O 
S 0 



m -2 



0 



o 
o 

CM 



0 0 

•E 

n - 

E 0 
o 

0 0 

0 CO 

2- co 

co co 

•<2 c 

r- .2 

O 0 

CM CO 

1 0 

m g- 

o 0 



0 
(5 



0) 

c 

E 
E 

TO 
"D 

15 
> 

to 
c 

0 

O 

(0 
0) 



E 
o 

c 

o 

w 
o 

■ MB 



re 

CL 




s|sX| ojjraads % 



ll 




2 « 

0> 1 r 2 

£ j|«f 
o iS "53 o 

CT.C -g E 

1 1 a® 
.££ 

^oOS 
o « Q- 

< 3 I— = 

8 I | § E 
<D .E to O o 

J M 

o — i J5 — 

> C (0 



0) . 

£ o <2 

^ c a> 

.t; O ^ 

co o 

t% co 

P 0 



P « * <0 



o « 

(D fl)r 
0 £ — 

|S< 

> CD r 

CD OT 
CO o 
°"o 

*" ft 
1 

w 5 5 

oq To o 
0- £ » 



I 

_Q 

03 
(0 
0 
CO 
c 
o 

CL 

CO 

CD 

a: 

to 



CO >? 

CL = 

T- CO 

c « 



to 
co 

T3 

0 
co 
to 
a) 

CL 

X 

0 



'^3 (J) 



S 5 Q E 



c co c 

c c co 

* 1 8£ 

?5 -D -S CO 
o co a UJ 

1^ ££ 

C <D O C 

."ti CD 5 

m aaE 

P 0 m I 

.E <g 3 co 
o i5 -o -= 

^ CL — 

CO o 

° I g o 

CB § CLE 
g C <D O 
O (D 3 J 

Q. C D C 



o 

to 5 o 

III 



E 

>> 

(0 

"O 
CD 

to 

O 
O 

"D 
C 
CO 

to 

CD 

c 



(0 CD 
CL^ 

II 

r; -o 

T3 CD 

•E a) 

.8 % 



CO 
jO 

"5 
to 
CD 

d 

o 

1^ 

CO 



— c i= CO 

h- ^ ^ 

ci 8. 

'ail 



CL 

CO 



CD 



0 CD -is 



CO 



.E > 
H to c 
O ^ cd 



CO $ .E 



_J fc CD 

UJ O £ 

• t: o 

CO <D CO 

CD CD 

"D CO E 

§ I o 

<n w * 

X " '5 

H g>-o 

Q ~ © 

a> « -£2 

£ g- a) 

c a> S3 



-D "S 
-Q (A 

"S ^ 

§ o 

(0 I— 

s + 

co 

a> a 

| & 

o CO 

»!. 

c 

8z 



CO 
"O 
0) 

TO 

o 

CO 

o 

CO 
CO 

CO 

to 



o 
to 

CD 

E 



1* 

E a> 
5 ^ 



c E 



c 

CD 
CL 



to to 
to " 

CD JO 



a. 

x w 

+ 

= oo 

0) Q 

So 

2 T3 



CD 

= CO 



T3 
0) 

CD 
-Q 
CO 



.E CD £ to 

AJ 



m CD O 

S -s CO 



E = 



8 



CD 
> 



» a> 



^3 

it: to ^ 

CO f0 
i C CO 

jE co < 
O Q- ■ 



o »- — 
J> "co 
.E Q_ 



O 

in 
LU 

"D to 
C 0) 
CO Q_ 

o E 
E S 



c c 



™ a) aS 

O Q.T3 
C CO < 

:= -o z 



J w ^ 

I— " 

a 

o 



tO CO CM 
0) ^ h 



co 



o 



Si 



r Uo c 



0 ^.2 
c r in 
.2 § = 

| CM O 

1 « > 

o r: «= 

C CO 5 

8 3 CD 
CO CD ^ 

> E co 

v> 8^ 

O CO 00 
CL > CM 



X i 

H c 
Q co 

■o E 

C 3 

CO -c 

- 

to o 

E S 
£ p 

>» E 

CO 3 

c c 

CL -C 

O H 
c c 

CO % 
to O 

zi 

"D o 
0) CO 
c -Q 

CD O 

to 

£ o 

CL CD 
CD CL 

2- to 

£ g 



<D 

= 8 

CD ^ 
Cl *^ 

x o 

CD co 

CD — 
CD .E -C o 
_T" = -*r» U= 



m CO 
Q. £ 
0) CL 
■ X 
.E CD 



73 CD 

O £ 

® to 

S a) 



. CO 
CM < 

"3 < 
0- to 

^ CD 



8 » 

I o 

z: cd 

S cB 



0 

Cl 
0 



"3 



(0 

E 



■& 

c 
<1> 



s -I 



o 
2 

3 

03 



73 
C 



o 

8 -1 



o 
o 



s _ 



"55 2> 

(/) -c 



or 
or 



Q. 

0) 



fTTIIITTiriTTIYl i 




! 

O) 



t 

d> 



3 



o 
o 



o 



II 

CD -C T| 

a o ■ - 

X c <D 

,<2 o 9 
" c w 

-C =3 IE 



c 

CO 

(0 ^ 

o co 
c 

C .O) 

» 

p (0 



10 ® 

E — 

E w « 

E a) a) 

g o) o 

• D) 



o IS 

« S E 

a> <d o 

E s "2 



eo _ co 
J= := TO) 

m CO -C 
CO C "O 
Q O CO 
= 

o as cp 

co ■§ £ 

CO CO -o 
-fc CD 

J) to 5 
£ a> .£ 

s & s 

5 J £ 

£* = 

CO "O = 

E co £ 
a> . o 

£ o?S 

-Q <D 

«£ ^ 

C £ 05 

"II 

-2 o) co 
o c 
£ c 



o £ 

O 0) 
CD ;C 



S CO " 

co 

s ° 



co 



co 

CO 

co 2 

il 
II 

2 o 
•5 E 



a w o 

w 0) o. 

3 «? a> 

.E 5 > 

£ ro ^ 

t a) o 

a> o ^ 

0 c jg 
.£ co 

1 to g 
r c £ 



(0 

to 

0) 



a> ^ 



o 
c 
to 

CL 



£ «2 

if 1 

. ■= o 
cn >, .g 

CD C 

5 i s 

Li. Q.» 



f £ 
.E TO 

0 J> <D 

1 2 s 

g> to 

u a> 
co !5 
o a. 

*= a. 
<D >, 

c o 
g Q- 

o S 
co o 

ii 

.S2 E 
£ cp 

-o ^ 

§ <o 

- CO 



Q. 

— * 
"S CO O 

Q- co o 

0 c (D 

co ^ £ 



to ^ 



CO ^ 



^ 6 c 
CD o co 



^ co 

<. <D 
O N 
CO 
CD 

If 

W CO 



CO 



^ Jl CD 

TO »_ 
C 3 O 
2> O « 

O TO _ 
TO jS ^ 

§52 

M e-g 

-D O <D 

0) £ 

CO 

x: to 

Q. <D CD 



;-8 



CD 

<0 CD O) 

<D (0 'C 
£ <1) 3 




<D O 

O CM 

* Hi t m S 
- 5. o -g.1 

< £ o o OQ 

2 .55 I 1 1 

*- > Q) £ c 

_ w E § ■- 
iS « -d 2 



O -D 



O) 

& .<S <D ro 



LL E _Q 



IS 



8 S £ ^ 

S £ 

5 O oo — 

c ^ "D c 

2 -o * o 

w "5 a) = 

C 0) m 0 

So 

S= -D ifi § 

Si £ a3 -c 

c = c 

- 2 3 S 

> E | 

c 0) 

O O) >c 

^= § ° ® 

5 Q.LL. 



u 
o 
a 
> 

•S 

<a 



8 
1 



O 
CL 



c 

3 

E 
E 

j5 

3 

0 

o 

o 

mmmi 

■ mm 

O 
O 

a 

CO 

■ 

c 
o 

0) 

§ 
c 

CO 

E 

3 

0) 



.52 0) 
LU IS 

.E 
o o 

CM O 

a .E 



0) 

o 



o 
c 

0) 
O) 

o 
c 

3 

E 
E 

N. 
O 
CM 
i 

(0 

o 
d 



o 

& 

I I 

i ! 
S S 

§ i 

o • 



I 



if) 

r * 



CO 

o 
a 



a 



S||30 s ou«ZJadodS ^NJI 



8 



« 



t 



a> 
o 



CO 

o 

CM 
i 

CO 

a: 
o 




£ 

(0 
(0 

re 
O 
c 
o 

« 

(A 

2 
& 

UJ 



I 
e 

o 



c 
a> 



a) 

I 

a. 



i 
I 



2 o 

r- to 

|1 

§ a. 

8 

§ 6 

4 1 
II 

— o 

o> o 



(ft 
0) 
O) 
(0 

a 

o 

k. 

O 
03 



o 
c 
o 

CM 
i 

CO 



c 

o 

'55 

a 

x 
o 

c 



o 
(ft 
a> 



CD 





® 

II 

■el -c ^ 

|SSS5 S 

IP 

33 

- r4 


•i 





0 



"D 5 
0) ^ 

I® 



(ft 
0) 



Q-CL - 5k 
O ° O 



a 



0 

"D 

a) 

CL 



0) 



.52 d> 
to — 



CD 
(O 
CO 



c 

o 

"D 

O 

if* 

O 0 
(ft £ 

CO o 
2 CO 

o. a> 
x 2 

•6 
£ o 



o 

IS!- 

HIS 

as 

<h$ fig 

w (O 

C JD e o 



o < 

(ft 

s"3 
II 

II 

£ </> 
r- a> 



re ^ 

Is 



CO 



°1 

CO J9 

a: q. 
o 0 

o o 
g> co 

II 

E o 

£ ° 
re o 



O > 2 » 

- >«.S 3 
CU| o 

s© « I 
£ « 2 i 

l!s| 

& • *~ « 

«fe « I 

SO o 5 

— £ o <" 
ffi 1 0 o 

O O "O ^ 

2 -E -5 CQ 

°0 (1) O B 

S> o c 
"S q. 2 ^ 

t S 10 c 
o c c 

f ^ => E 

oo 

- CO ^ 



o 

CO 

0 

O) 

c 

<o 
. o 

CO 

(ft P 
I- » 

O « 

Q- ro 

CO c 

— 1 0 

^ 0 
52 £ 

03 

il 
H 

0 ~ 

£ c 
0 

0 



O S c 



k_ JC — 
Q. 

(ft -s- 
C 03 
O 0 

£ E 

O (0 

N o 
CO E 
oc 2 
^€ 

-s»8 



.= <U W c 

p o 2 2 
„ c re Q- 

§ « 5 2 

3 h (0 « 

^0 &2 

^ w = = 

-J c © <U 

.E ro ° £ 

S S 2 s 

Q. CL o o 



UL JD CD LU 



E 

TO| 
C (0 

II 
1 1 

= 03 
0 

O " 

0 to 

o.e 

tp o 
c to 

— 0 

0 jq 

If 
■- ? 

CO o 
? V 

m 0 

03 w 

Se 
o 58 

^ 03 



o 
E 

3 



< 



o 

Q. 



(/) 

0) 
O 
3 

■o 



CM 
i 

CO 



CD 

c 

0) 

CO 

I 

o 
E 

3 
I- 



(0 

c 

o 

Q. 





>» 
(0 

Q 

oo 





2 C <■> 



0£ 0) 



o 

CO 

0 



2 

C 



o 

0) 



CM 
(/> 

c 



5 



8^ 



S c co 

O ffl t 



co 
c 



O 

ID 



X 
CM 



0 
</> 

S> 
Q. 

s> 

0) 
CO 

c 
o 

0) [2 £ 



.a. e 

-c o 

O 3 

c E 
$ co^ 

T5 



2 sr 

c "a £ 



CD 



2? ~ 

$ CD 4= 

g O CD 
•—"DO. 

E o>-o 
o .£ S> 



03 



CO 



CD 



o 
a 



CO $ (0 

^ 15 ^ 

eg 

o < 

.E a) 2 
>$ c 
050 

* 0 

if. 1 

Z. «^ CO 
5 <D 0 

^ — CO 

CO 
CO 

« CD g 



0) 
C 



8 

TO 

E 
o 
c 

s 

o 
c 

<D 
T5 
CO 

CO 
CM 



7 O 
a) 



vp CO 



o 

CM 



a) 

(0 



a) 
c 

a 



a: o 

O >* o 

CO CO 

10 ^ > 

3 _C0 ^ 
O) — x 

E 83 



-Q 

"D 

<D 
CO 
CO 

s> 

Q. 

X 
0) 

c 

ti 

CO » 

§ t 

8£ 

So 
co E 

0 i 
■O .2 

O CO 

Q_ CO 
D)T3 



r 



c 

E 
E 



o o 

S3 £ 

005 

3 1 

c 



(0 
O 

(0 



CD J2 

< 

1^ 



o 

o 



a> i 




CM 



CO T3 m 



o 

E 

+■» 

(0 



C 

.2 

Ju o) 

< a 

0) 



o 



^ ^ 00 00 t> t> 

Q Q Q Q * * 
O O O O z z 



s 

o 



+ ■ + 



+ ■ + 



IHHHII 




00 



00000000 



5 > 

Ji 

S CO 




x 
E =- 



t 



c 

(0 

T 1 

Q P 



?> 

co * — 

H- CD 
O O 



ft 



o%4 



°3i 

■poo 

E ° Z 
g.2o 
■b © 00 

2 -g O 



a> 

1 

CD 



c 



CO 

cvi 
o 
in 



CO * 

g CD 
.2 O 

q_ CD 

<D CO 



O 
> 
*> 
C 



80 

h- co 
00 "2 

§1 

0 CO 
== CO 

go 

H o 

+ CO 

8 I 

= 00 

is 

— 2 

5 : - 

> "O 

■> "° 

C CO 
3 O 

tn -° 

1 I 

2 I 

So 
0 c 

O o 

c » 

3 (0 

E c 

it 

(0 o 

a: - 
o § 

«> a 

<D O 

1 1 

LL Q. 



CO 

o 

JZ 

O Q- 
O 3 

a) 2 

CO -5? 

co o 

CD JL 
CO c 

■- 75 

ll 

!* 

a% 

CD 

ii 



8 e 

Si 

■5 Q 
9- «= 

*S 

(1) (D 

1:1 
l| 

CD co 

q-q; 
co rz 

*— 

<d o 

*4— O 

O CD 

C o 
O 

x 

_cp LO 

Q--C 

CD 

11 

o co 

CD CD 
Q- 

CD -SJ 
»- O) 

8'i 
E< 
£ 8 
SI 



r 



x 

CO 

C o 

I— o 

CO -r- 



2 J. i - 8 

■= ^ e O CO ~ 

Hi tii 

if vi* I 



£d x| Q-tJ- > -o a 

OWt-2 g-Q ^ CD 0) 

o £ r ^ S 



0) 

CO 



0 

o 

o 

■ 

o 

<D 
Q. 

(0 
c 

O 

CO 
0) 



o 



0) 
<D 



(0 

o 



E 



E 



c 
o 

N 



E 
E 

<•-» 

o 
o 
n 
■ 

CD 

E 

'tZ 
CL 



I 

e 

TJ 

a 

0 

s 

s 



co 

3 I 



"I if S s 

6 s s s i 

+*-Ndl% 



"8 

s? 
I 

s 



c 

<0 



S 3 



3 o 

55 I 

c • 

■ E s 

co a- 

.§ 2 

c J 

< 



7-s O 



>> 



<2 E 



</> 

0> 
(0 

c 

O 

a. 

(0 



< rrn 

(0 
<D 
CO 
C 

o 
a 

a 

2 



O 
Hi 

1.3 
o 

•I'S 

,3 

o 



8 

J 
I? 

5 



a 
S 

O) 



o 

X 

a> 

(0 

E 

"E 

CO 

II 



d o 
% 




CD 



8 < 



w - 1 8 5 £ 

0£ **r CO >^ co 

O ° r- ir -D O 

— !r T" tn ^ t± iv* 



CO c 

co a> 

Si 



o 



1! 

8 5 



"3 w ^ 1 0) 

* g * g S s 

o § i " a> I 

(B « </> j: <t 

1 



o 

0) 

E 
o 



+ 

oo 
Q 
O 

"D 
C 

CO 

+ 

a 

o 

o 

o 
a) 

Q. 

CO 



d> i 

Cl CD 

¥ E 
c c 

i e- 

jz co 

1| 

CD > 

■o S> 

C 0 

? 5 

0 -2 
—J 2 
-J E 

CD C 

CO * 
r- SZ 

1 ■- 

x: 5 
CO c 



— «*- CD co -r fD 

8 m I SI* 

° C« CD jc -Q 

2 .o o co > E 
E = Q -o 5 
"C <d -o O CD 5 

a S? CD 

C fl) ° 3 ° C 

— CD Q CO — — 

S ^ ^3. a) <» £ 

O C -s; C -O CO 

S 5 ^ co ? '55 



CD 
CO 



s 



A i. ^ (On U 
O 0) « s fl) 

* s 8 c « g 

CO Ij <D CD m ^ 

-rcfll-8 

■5 ~ co ^_ -Q 



"D 

C 
CO 



S..2 

i CO 

.E c n 
m o c 



E 

II 

o 



o 

CO 
CD 

8 

3 
■D 
C 

* i 
<D 

c 



CO 



O 



+ 

CO 

G 

O 

■o 
c 

CO 

+ 

s 

o 

o 
■5 

CD 

- .= c JO 
o ^ — ^ 

£ o 

O CL 
CO — 
© 0) 



5 

c 
o 
S 



o 8 

£ CD 

| CO 

S CO 

>» o> 

T3 C 

CO o 



.= v ' ±d "D 



18 



O 
O) 
O 

c 

3 

E 
£ 

o 

CM 
i 

CO 

o 



o5£ 

O co 

- >s 

_ CO 

x -° 

O CD 
CO 

°- 2r 
_j $ 

O c 

CD O 

8 ! 

9 E 

*L O 

CO ^ 

2.o 

CD 2 

a: m 

O) CL 

5 ° 
§2 



§ i5 g *to « 

CD CL > >> CD 

3 * 5 s s S c 

s £ ■§ 1 s | 

>*-a CD CD CD S 

a> 0£ E ° cd 

CD iS C g g> CD 

"co 2 cd °--c3 ^ 

£ E -g -D 3 CO 

CO g c -o = 

Q. CO Q. CO o CD 

S£ 2 = l°. 

refill =rS 



w O ^ 0)m_ h= 

ai 25 43 C ^ 3 

^Q-'Ei-ScD 

- « c o w ^ 

5 ? CO LL N • 

o c co od E © 

b a < S s ? 

co < O o* co 



'Si 

CD Q 

8 S 

^8 

O ) CD 

O .~ 

£ _ 

O CD 
C £ 

0 © 
CO .£ 

if 

1 8 

2? * 

CO z 
O U- 



2 S 1 

o c 

a. a> 

« g- 



o 
o 

3 

c 
c 

o 

N 

c 

E 
E 



o _ 

CD o 



c 

3 

E 
E 

J2 

3 £ 
0 

O 
o 



So? 

O ^ 
"O o 

5 w 

(0 <D 

| • 

•a o 

< oc 



o 



o 
c 

O) 
CO 

c 

(0 



<1) CM 

Q. < 



o 

a 

o 

Q. 

a> 

i 

o 
«* 

IO 

O 

(0 
0> 



CM 
< 

I 

< 
-J 



ffi 



00- 



0 



< 



" E 



0h> 
> 



0 0 - g 



> 
> 



■a 
< 



> 



0 



i r 

<M O 



-i 1 1 r 

00 <0 CM 




r- O O O O O 

s||aoi+8aoA-Ndl% 



>» 

(0 
l_ 

■ IB 

o 

+* 
Q. 

<D 
Q. 



X 

to 





00 


a 


Q 


o 


O 


• 


• 



. E 



< 



O 

(0 



9 



CM 



5 5 E 

siieo 1 +8Q0 A-Ndl % 




> 2 



> 2 i 

CO I s - 

a> a> <d 

IO T- t- 



o 
co 



■o 

< 



o 

10 
-C 

> 
> 



o 

^ g 5 



.E iS I s - 

™ Q) 3 
Cog) 

O Li. 

C 



E o - 



(A 



1 i'g 
« a> w 



,52 i 



0 
TJ 



o i 2 

(A c a> 
A a> -o 

a> CO g- 

5 • 
O 2? c 

pi 

nu 

— a> — 

0) c (0 = 
C <D D) C 

.E O) 3 CO 

3 o) c CD 

■M C o LU 

Is 

CO -J 
"O > — I 

ills 



E 

I 8 



CM 
i 



O 

o 

CO 

> 



0) ^ 
CO Q_ 

O 5 .£ 
5 



3 

c 6 
S 

o g 

CO 

>» 

CO 0) 



? 8 

CO 2 

a> 

.i • 

»- O vw 

<OTJ« 

- c a> £ 

00 S .£ cm 
J) oe< 

= c a) <r 
.?« 0-J 

u_ i -a X 



r 




re 

E 
E 

3 



CD — 

« « c 

E^ 
13 g o 

o .— y 

o e § 

o o a) 

0 O 
(p (0 o 

III 

C/) _£- it? 

(D£ O 



(0 



5 

o 

5 0 0 
S 

-2s Q. O) 
03 _ _0 

8 |S 

CO 0 CD 
CD CO ^ ^ 

o° t° 

o c — ° 

O 0 CO r 

_ -O _CI ro 

O g 5 CD 
C CO ^ 0 
= £ 5 0 



0 
c 

• MM 

o 
o 

CD 

> 

CO 
0 

0 

I 

O 

o 
E 



■D 

0 

S.E 
cc o 

i CO 

0 0 

> ^ 



CD 



CD 



8.4 

CD g 
CO a> 

CO 

O JZ 
CNJ ~ 

CO -j= 
O oo 



■o 

C 0 
CD O 

I f 

CD 
3 O 

E E 
E 3 

CD — 

"55 g 

O O 

s-i 

i Q. 

~ 2 

0 o 



c E 



8? 
0 5 

£2 $ 



o 

CM 
i 

CO 
01 

o 



CD 

E 



CO 
0 

0 

c: % 

O CD 

C CD 

U 0. 

co 



> CO 

o 

C CD 

0 fj) 

II 

c o 

O co 

~ 0 

CD ^ 

■g 0 
5 CO 



E o _ 
E E g> 



CO 



0 c _ 



"O CO 

D C o 

C 0 c 

co co 0 

2 o 

O "D 

0 C 

> 0 



0 



O 

O 

Q) 



E 



0 
-Q 

3 



CO 
N 



.2 -D 

5 5 

ui e 

CO 

c LU 

D) _ 
O c 

O o 
5l 

o ; 
o d 

CQ d 

Jig 

(0 0 
C ^> 
O 

Q LU 
O .C 

* 8 



CD 

„ c: 

CD CD 

»z *♦» 
o o 

w a 
IS 
g § 



CD 
O 
O 

CD 



0 



•2 
C: 

CD 



00 



CD CO 



3 

o 
o 0 

v O CM 

.0 o ^ 



CD O 
5 "CD 



CO 

§ 

CD 



CD 
CO 
CO 

5 



O 

0 CN 



O 

c 

CD 



(0 
0 



0 
CD 

o 



0 
o 
c 

CD 

O 
c 



3 

-Q 

o — ' 

_0 Q 

CL co 
- CD 
E D) 

E> = 
< 2 



g.00 

CD 

.0 



0 



S 

o 

.CO 



0 

o 

CO 
0 



CD 
_ <C 

0 co 

■2 
co 

CO 
0 



CO 
0 

o 
c 

0 



—I >i 

. 0 00 

5 £ « 



ti So 
0 c 

o < 

8 I? 

vj 0 O 

> co CO 

.S.-9 0 
0 c: < 

CQ CD — 

* J 8 

S X 

j (0 P 

• CO 

J 

^1 

.2 I- 

O -a !c3 

< § 

d# I 

X o c 



0 

CO 



< 
ri 



* 8 

CQ O 



0 
0 

0> -J. 
0 

it. CO 
D) 00 
0 CO 
0 t- 



O 

s 

0 

£ 
o 
c 

.6 



0 

-2 

0 
c 

0 



£ CN 

o f 

<§ « 

- CO 

c 

0 Q. 

CO 

0 t- 

0- ^ 

_: 0- 
-O CN 

c 

0 © 

S " 

CQ § 

1- ™ 

r co 
Kg 

C 1- 

CD 0 

<0 O 

CO C 

0 0 

X o 



< 

of 



1- — TV 



0 0 

3 DC 
0 o 
CO w 

of w 

CL § 

co E 

0 ^ 

Q.= 

0 — 1 
"0 ci 

CO ^ 

2"! 

CD O 

0 "S 

-! § 

Q Q 

2 q 
b! 

"D 
0 



O 



0 

L: 

• co ■ 

■ g 
o 0 m 
o 0 x^- 

^ «J5 t— 

? 0 

S 0 Q. 
0 C- 

0 

0 ^ 
£88 

CD O ^ 

0 0 O 
^ O 

o §.E 

0 M 

S 0 CD 

s -y i 

o 
0 



5 



o 
o 



CQ 
CD g 

S-i 

is 

x E 

■ 0 

is 



o o 
0 45 g 

CD .C 

o ^ 

CD 



8 



.E c: 

CD 

0 ^ 

0 



O 

"S c 



0 

Q_ 



O CD 
O ^ 



Hi g 

- 0 

0 F 
0 

1 o 



■ Q 



° O 
0 

o> 0 

CD * t 

CO Q_ — ■ 

" P 0 

0 



£ 
0 



< 

Q ^ 

g O 

0 K .5 
""" co 



9 Q 
-I O 



c o 

O to 

J= 0 

0 ^ 

E 

5 0 

< ! g 

Q 0 



N ^ 
3 LU 

- 1 -o 
c 
0 



9> • 

O CD 
^ CO 



CJ> 
CN 



CO 



OH 
LU 

2 
0 

'co 

0 

c 

0 
CO 



0 



01 

co" 
c 

D) 
O 



0 



Si 
< 



0 



0 



0 - 

g E 

o J= 

x: cd 



c: 
0 
0 

a> 

9- 

0 
go 

^ o 

|a 

e c 
^ -9> 

•S 0 
O 

0 $ 

8 8 

1 8 
s .0 

? ^ 

j6 

g 0 

0 

S.'P 

co o 
CD § 



CN 



CO 



to 



